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VHF COMMUNICATIONS 


The first edition of VHF COMMUNICATIONS represents the birth of a new 
amateur radio magazine. However, VHF COMMUNICATIONS has not "appeared 
out of the blue" but is the international edition of the well known German 
language publication UKW-BERICHTE which has regularly appeared since 
1960. The increased editorial team intends to forward the same ideals in 
both VHF COMMUNICATIONS and UKW-BERICHTE: To publish a magazine 
from radio amateurs for radio amateurs, specializing itself to the VHF, UHF 
and microwave technology. 


The principle task of VHF COMMUNICATIONS is to provide exact and extensive 
assembly instructions for transmitters, receivers, converters, complete 
tranceivers, antennas, measuring and auxiliary equipment etc., allowing 
them to be easily duplicated. The great advantage for our readers is that 
all the epoxy printed circuit boards and other specialized components, such 
as trimmers, coil formers, complicated metal-work, etc., are available 
from our representatives at moderate prices. 


The ever increasing demands made on the efficiency and performance of 
amateur radio equipments as well as the continuously advancing technology 
resulting from this, makes it more and more difficult for the individual 
amateur to assemble his own equipment. Even though the turnover of amateur 
radio equipment manufacturers is steadily increasing, we feel that the ma- 
jority of amateurs would prefer to build their own high-performance equip- 
ment if only the corresponding instructions and assistance were available, 
This is where we would like to help by providing detailed descriptions and 
supplying the special components. We believe that these ideals have been 
responsible for the success of the German language edition. We hope that 
our readers throughout the world will agree with us and help us to forward 
our ideals and the cause of amateur radio, 


Vy 73, the publishers 


Ho Gol, PL Tain Bitem 
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A 2 METRE CONVERTER WITH FIELD EFFECT TRANSISTORS 
from W. von Schimmelmann, DL 6 SW 


1, INTRODUCTION 


A great deal has been written recently regarding the excellent qualities 
of field effect transistors with regard to cross-modulation and intermodu- 
lation rejection. Since field effect transistors are now available on the 
market for roughly the same price as a good electronic tube, the deci- 
sion was made to examine the RF characteristics in experiments with a 
2 metre converter. The task was to replace a tubed converter, if the 
cross-modulation and amplification were in the same order as that obtain- 
ed with tube-equipped types. 


This target was met, as can be seen in Section 5, with the following con- 
verter, Several different tubed and transistorized converters were measu- 
red under the same conditions and are given as a comparison. 


TIS 34 junction field effect transistors manufactured by the firm of Texas 
Instruments were used in this design and proved to be excellent and in- 
sensitive to overloading. 


The first attempt was built-up using a single RF amplifier stage, the sub- 
sequent mixer being fed via an RF transformer. The pre-amplifier and 
mixer stages were each equipped with a TIS 34 transistor, whereas the 
oscillator and tripler stage were equipped with two BF 224 transistors. 
Due to the fact, however, that the transconductance of the junction field 
effect transistors available at present is extremely low, the amplification 
proved to be so insufficient that the noise figure of the mixer was notice- 
ably adversely effecting the total noise figure. The attempt was then made 
to increase the amplification with the aid of a high LC ratio at the RF 
transformer as well as to reduce the loss by dispensing with alignment 
cores. This, however, only brought a sensitivity figure of approximately 
3.5, whereby the adjustment of the neutralization was found to be so cri- 
tical that it could be only carried out exactly with the aid of a sweep 
measuring set, 


The following circuit was built-up using two RF amplifier stages so that 
the amplification is sufficient to allow the second RF stage and the mixer 
to be fed at low impedance. This meant that the neutralization was no 
longer critical and that the field effect transistors obtained the source 
impedance of approx. 1 kf needed for the lowest noise figure. 


2, CIRCUIT DESCRIPTION 


The circuit as shown in Fig.l comprises two RF amplifier stages, the 
mixer and a two stage oscillator circuit. The oscillator is equipped with 
a 38.666 MHz crystal and is followed by a tripler stage multiplying the 
crystal frequency to 116 MHz. 
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Junction field effect transistors of the type TIS 34 are used in the two 
RF stages and for the mixer (in contrast to metal oxide silicon field effect 
transistors MOS FET). The TIS 34 is a depletion-mode FET. 


Both RF amplifier stages operate as a neutralized source circuit, where- 
by the inductances L 2 and L.5 form, together with the feedback capacity 
of the transistor, a neutralizing circuit with resonance at 145 MHz, The 
capacitors C 2 and C 7 serve merely as DC blocking. 


The input circuit of the converter comprising L.1 and C 1 possesses a 
low-impedance tapping for the connection of the antenna, An intermediate 
link consisting of L 4 and C 6 is to be found between the two RF ampli- 
fier stages. The drain voltage {s fed to transistor T 1 in parallel to the 
resonant circuit,via chocke L 3, 


The RF signal is further amplified in transistor T 2 and is fed via a se- 
cond intermediate link consisting of L 6 and C 9 to the mixer, which does 
not require neutralizing. When the oscillator signal is absent, a voltage 
drop of approximately 1,2 V appears across the source resistor R 7 of 
the mixer transistor T 3 which causes a quiescent current of approxima- 
tely 0,2 mA. If the voltage drop across R7 reaches approx.2.1 V, the 
amplitude of the 116 MHz oscillator will be sufficient. The drain current 
will thereby be increased to approximately 0, 35 mA. 


The primary of the IF transformer following the mixer is damped with 
resistor R 8, A coupling link is to be found at the cold end of induc- 
tances L,7 and L 8, After connection of the subsequent receiver via the 
capacitive voltage divider comprising C16 and C17, a bandwidth of roughly 
2,5 MHz is obtained with a dip of approx, 3 dB at 29 MHz. 


The oscillator and tripler stage are equipped with"normal" bipolar trans- 
istors type BF 224, which are silicon planar NPN transistors in epoxy 
casings, They can of course be replaced with similar transistor types such 
as 2.N 918, 2.N 914 (BSY 21), BF 115, BC 108 or BC 130. 


The oscillator transistor T 4 operates with a 38,666 MHz overtone crystal 
in a circuit previously described in (1) and (2), The feedback is achieved 
using @ capacitive voltage divider, The common-base tripler transistor 
T 5 is loosely coupled via C 23 to the hot end of the oscillator tank cir 
cuit, The 116 MHz transformer at the collector of transistor T 5 is in- 
ductively coupled without the need of a coupling link since the inductance 
L 10 and L 11 are so arranged that they are directly adjacent to another. 
The 116 MHz signal is then finally fed via C 12 to the gate of mixer trans- 
istor T 3. 


Since the current consumption of the whole converter is only approximately 
16 mA at an operating voltage of 9 V, it was decided to dispense with an 
AC power supply. Instead of this, six 1.5 V dry batteries were placed in 
series. The resulting operating period is roughly 200 to 300 hours, This 
form of power supply has the additional advantage of offering an excep- 
tional frequency stability. 


whic 


MECHANICAL ASSEMBLY (Fig. 2 and 3) 


The converter is built-up on a printed circuit board with the dimensions 
of 63 mm by 113 mm (see Fig. 2a). The printed circuit board is divided 
into four different chambers by brass or copper strips. One chamber is 
used for the antenna input circuit with transistor T 1, a second for the 
resonant circuit comprising L 4, C 6 and the transistor T 2, and a third 
containing? the mixer stage and the LF transformer. The elongated fourth 
chamber accomodates the crystal oscillator and the tripler stage. The 
coupling link at the cold end of the IF transformer L 7/L 8 (see Fig. 1) 
represents loop in the form of an elongated "0", each former having only 
a half turn, The link is made up from 0,2 mm (32 AWG) diameter wire 
- a thicker diameter wire would cause the coupling to be too great. 


The metal casing of the crystal should be grounded to the nearest ground 
point of the printed circuit board, 


It is strongly advised that the converter be enclosed in a metal cabinet 
equipped with coaxial connectors, If the batteries are not contained within 
the cabinet, the operating voltage should be fed via feed-through capaci- 
tors. Unwanted short wave signals have been observed to be induced into 
the converter in its unscreened state, 


With the aid of the circuit diagram (Fig.1), the parts list (Section 3, 1) 
and the location plan (Fig. 2b), it is possible to commence the mounting 
of the components on to the printed circuit board. This is done in the 
following order: The resistors are the first components to be mounted 
which are then followed by the capacitors. The transistors are then mount- 
ed after the inductances, The transistor connections, as seen from be- 
low, are given in Fig.1. Finally, the crystal and the screening plates, 
which form the individual chambers, are mounted. The completed conver- 
ter is shown in Fig. 3. 
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Fig. 3 The Assembled 2 Metre FET Transistor Converter 
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DL 6SW Field Effect Transistor 


3.1. COMPONENTS 

Ri, R4andR10: 3302; R2, R5andR 9: 1002 All resistors are 
R3, R6and R11; 2.2k2; R77 and R 8: 5.6 kQ 

R12: 18k2; R13: 1ka rated at 0,3 watt, 
C1, C 6, C 9, C 24 and C 26: 3.5 to 13 pF ceramic trimmers 

c2,C3, C4, C7, C8, C10 and C 13: 470 pF ceramic disc capacitors 
C 15 and C 18; 0.0047 uF ceramic disc capacitor 

C 22 and C 25: 0.001 uF ceramic disc capacitor 

C12: 2 pF ceramic dise capacitor 

C5 andC 11; 100 pF ceramic tubular capacitor 

C 14 and C 16: 20 pF ceramic tubular capacitor 

Cat 200 pF ceramic tubular capacitor 

19; 30 pF ceramic tubular capacitor 


C 20 and C 21: 40 pF ceramic tubular capacitor 


Ceramic Sub-Micro Disc Trimmers for printed circuit tore sr snows 
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T 1, T 2 and T 3: TIS 34 (BF 245) from Texas Instruments 
T 4 and T 5: BF 224 from Texas Instruments 
Q Overtone crystal 38, 666 MHz HC 6/U 


3. 2.COIL DATA 


1, L 4 and L 6; 6 turns of 1 mm (18 AWG) dia. silver-plated copper 
wire wound on a 5 mm dia.former, self-supporting 
and with a length of 10 mm. The tap of L 1 is made 
1 turn from the cold end. 


L 2 and L 5: 10 turns of 0.3 mm (29 AWG) dia. enamelled silk- 
covered wire on a 3.5 mm former, 0.8 wH, VHF core, 


L 7 and L 8: 20 turns of 0.3 mm (29 AWG) dia. enameled silk- 
covered wire on a former and core as given for L 2 
and L 5. 


L 9: 15 turns of 0.3 mm (29 AWG) dia. enamelled silk- 
covered wire on a former and core as given for 
L2andL 5, 


L 10 and L 11: 7 turns of 1 mm (18 AWG) dia. silver-plated copper 
wire wound on a 5 mm dia.former, self-supporting 
and with a coil length of 10 mm. 


L3 4.7 4H RF choke or | metre of 0.2 mm (32 AWG) 
dia, enamelled copper wire on a 4 mm dia. former. 


4. ALIGNMENT 


The neutralizing coils L 2 and L 3 are aligned to 145 MHz before mounting 
with the aid of a grid-dip meter and a parallel capacitor of 1.5 pF, where- 
by care should be take that the connecting leads of the coils are not lon- 
ger than under mounted conditions, If an inductance meter is available, 
the coils can directly aligned to an inductance of 0.8 wH. The other reso- 
nant circuits can be coarsely aligned to the relative frequency with the 
aid of a grid-dip meter, in their mounted state. 


The crystal oscillator only operates at its nominal frequency and does not 
tend to oscillate at spurious frequencies, The frequency of the crystal can 
be slightly pulled by adjusting the value of capacitor C 19 between 10 and 
30 pF, The tripler stage is aligned for a maximum voltage drop across 
the source resistor R 7 of 2,1 V. When the oscillator is inoperative, the 
voltage drop across resistor R7 should read approximately 1.2 V. 


The IF transformer is now aligned for maximum noise, The 10 metre re- 
ceiver should be set to 28,3 MHz for the alignment of the primary stage 
comprising L 7 and C 14 and to approximately 29,7 MHz for the alignment 
of the output circuit. The input stage is aligned in similar manner at 145 
MHz, the intermediate link L 4 and C 6 at 145,5 MHz and the mixer stage 
with L 6 and C 9 at 144.5 MHz for maximum noise indication, This align- 
ment must be repeated until an equal amplification is obtained over the 
whole range from 144 MHz to 146 MHz. The neutralization does not nor- 
mally require realignment. The most simple means of aligning the con- 
verter is with the aid of a sweep measuring set, but this need not be men- 
tioned here in great detail, The response curve of the converter can be 
adjusted to obtain a bandwidth of 2.5 MHz with a dip of roughly 2 dB at 
145 MHz, 


5. MEASURED VALUES 


The following table contains the more important performance specifica- 
tions of the described 2 metre converter, The performance of some other 
converters were measured under the same conditions and are given here 
for comparison. The other converters tested were a converter equipped 
with the PC 88 tube, one with a PC 97 (3) (4) and the commercial trans 
istor type MB 22 manufactured by the German company of Semcoset. The 
converter output signal was fed in all cases to a Drake R 4 whose band- 


width amounted to 2.7 kHz. 
Converter | Converter | Converter MB 22 
Noise figure 2.0 3.5 2.7 
Amplification (dB) 
Image rejection (dB) 
Cross-modulation (mV) 


Wipe-out effect (mV) 
IF rejection (dB) 


Notes: 


The cross-modulation measurement was made by feeding an unmodulated 
1 wV signal at a frequency of 144.5 MHz to the converter. A second 30 % 
modulated signal was then also fed to the converter and its level increas- 
ed until a 1 % cross-modulation was observed. The value of the modulated 
input signal (at 145.5 MHz) is then given in mV, 


The wipe-out effect was measured by feeding an unmodulated 2 wV signal 
to the converter at a frequency of 144.5 MHz, A second signal (at 145.5 
MHz) was then fed to the converter and the level increased until a reduc- 
tion of 3 dB was observed on the first signal, The value in mV of this 
second signal is given in the above table. 


The excellent characteristics of the DL 6 SW FET Converter may also be 
utilized for satellite band reception in the frequency range of 136 to 137 
MHz - i.e. for the monitoring of weather satellites. It is merely neces- 
sary to replace the 38.66 MHz crystal with one of 53,7 MHz and to align 
the transistor stage with T 5 to the first harmonic of the crystal frequency 
(107.4 MHz) as well as the two pre-amplifier stages T 1 and T 2 to the 
frequency range of 135.4 MHz to 137.4 MHz. 


If a different intermediate frequency is to be used instead of 28 to 30 MHz, 
the necessary crystal frequency should be calculated without difficulty, 


6, REFERENCES 


(1) RCA Transistor Manual, Page 440 


(2) M. Kindler: Ein Transistorkonverter fir 145 MHz 
mit guter Vorselektion 
UKW-BERICHTE 6 (1966) H.2, Pages 88 to 97 


(3) R. Lentz: Der PC 97-Konverter 
DL-QTC 34 (1963) H.6, Pages 268 to 273 


(4) Ch. Junge: Der PC 900-Konverter 
DL-QTC 35 (1964) 'H. 8, Pages 470 and 471 


EDITORIAL NOTES 


The values given in Section 5 cannot be considered as absolute values be- 
cause these measurements are - except for the amplification measurement 
- extremely critical and difficult to reproduce. However the comparison 
can be clearly seen and we consider the table to be informative. 


In the mean time, a great number of the described converters have been 
built, measured and tested under practical conditions. This has shown that 
the given specifications have been achieved and, in some cases, exceeded, 
The alignment is uncritical and can be achieved without difficulties. The 
practical test was carried out by DL 3 SPA ata good clear location at an 
altitude of 600 metres (1815 ft.) using a 16 element antenna. The test 
proved that the converter is, in all respects, equal to a good tubed type 
and, in contrast to past converters equipped with conventional transistors, 
showed that the cross-modulation characteristics were not worse than 
those of a good tube converter. 


We would like to point out that european amaterus can use the FET trans- 
istor types BF 244 and BF 245 instead of the TIS 34. They are electrical- 
ly completely identical to the TIS 34 (socket connections are givenin 
Fig. 1). If the transistor TIS 45 is used for the two oscillator transistors 
T 4 and T 5 a greater auxiliary frequency level is obtained which enables 
the amplification of the converter to be increased to 25 to 28 dB. 


For european readers the printed circuit boards, coil formers and trim- 
mers are available: from: 


Verlag UKW-BERICHTE, Hans J, Dohlus, DJ 3QC, D 8520 Erlangen, Glei- 
witzer Str. 45, Postscheck-Konto 30455 Nurnberg, West Germany (see clas- 
sified advertisement), 


Non european readers should apply to their representives which are listed 
on the first inner cover. 


VERON VHF BULLETIN 
ENGLISH EDITION 
P.0.BOX13 SCHIEDAM HOLLAND 


Subscribers to the Veron VHF Bulletin are to be found nearly everywhere 
on all continents. This is no wonder because our periodical offers you the 
very latest information and news about the latest developments in the field 
of Moonbounce, satellite tracking and last but not least "Project Moonray". 
You shouldn't put off until tomorrow what can be done today; therefore, 
don’t delay, write off this very moment for your own free copy to: 
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PHASE-LOCKED OSCILLATOR FOR TRANSMIT AND RECEIVE MIXERS 
AMATEUR RADIO EQUIPMENT 


by K.P. Timmann, DJ 9 ZR and V. Thun, DJ? ZV 


1, INTRODUCTION 


On observing newly developed professional VHF transmitters and receivers, 
it will be noticed that the spurious signal and cross-modulation characte- 
ristics have been improved. For instance, equipment which has been es- 
pecially developed for aeronautical radio communications is often equipped 
with field-effect-transistors in the input and first mixer stag This is 
followed by narrow band filters with steep skirts and high attenuation far 
from the centre frequency, e.g. crystal filters. It is possible in this man- 
ner to obtain an extremely low cross-modulation in the input stages ( vir- 
tually square dynamic characteristic of the field-effect-transistors ) and 
to ensure that the frequencies involved in the cross-modulation do not 
reach the IF stages. 


The necessary frequency stability and low spurious signal level of the RF 
voltage supplied from the auxiliary oscillator to the mixer can be obtained 
using the phase-locked oscillator principle. The following paragraphs brief- 
ly describe three methods of generating the auxiliary frequency as well as 
mentioning the advantages and disadvantages of each. This is followed by 
a detailed description of a practical ph: jocked oscillator circuit, 


2. ADVANTAGES AND DISADVANTAGES OF THE VARIOUS 
OSCILLATOR TYPES 


2.1, FREE-RUNNING OSCILLATORS 


Various attempts have been made recently to design free-running oscilla- 
tors with high frequency stability at frequencies over 50 MHz. Such os- 
jal components, 1. the spurious 
nals and harmonics are far lower than the required signal which means 
that they will not cause any adverse effect after frequency multiplication. 
The author has built up several such oscillator circuits, some comprising 
ceramic resonant circuit components and silicon transistors with an output 
capacitance of less than 0.2 pF. The frequency stability obtained with these 
oscillators was however not satisfactory because it was not sufficient for 
single sideband operation on the VHF bands. 


2,2, OSCILLATORS OPERATING ACCORDING TO THE FREQUENCY 
SYNTHESIS ( SUPERHETERODYNE ) PRINCIPLE 


In this principle, the frequency of a self-excited oscillator is mixed with 
the fixed frequency of a crystal controlled oscillator in order to obtain 
the variable sum frequency. Since it is only possible to build-up suffi- 
ciently stable free-running oscillators up to a frequency of approximately 
10 MHz without extensive means, it is necessary to use rtain amount 
of filtering and a careful construction to ensure that the spurious signals 
do not cause images, whistle or noise points in the receiver. 


2.3, OSCILLATORS OPERATING ACCORDING TO THE PHASE-LOCKED 
PRINCIPLE ( OSCILLATOR CONTROLLED BY MEANS OF 
FREQUENCY OR PHASE DISCRIMINATION ). 

In this principle, the frequency of a self-excited oscillator is controlled 


if its frequency deviates from the nominal value. This is carried out, for 
instance, with the aid of a motor driven capacitor or varactor diodes, 


The control signal is obtained via a circuit which has the task of mixing 
the frequency or phase of a signal voltage obtained from the local oscilla- 
tor down to approximately the frequency of the VFO ( reverse of the super- 
heterodyne principle ). The reduced frequency of the local oscillator is 
now compared with the VFO frequency in a discriminator, The control 
voltage at the output of this stage is filtered and controls the frequency 
of the oscillator with the aid of a varactor diode. 


Peqeeney tes oem 


Fig}; Block diagram of the Prase-locked Oscitiator 
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The advantage of this method is that the auxiliary oscillator operates com- 
pletely spurious-free and that the control device does not require a large 
amount of filtering and screening. One disadvantage of this method is that 
a good compromise must be carefully determined between the low-noise 
level and the lock-in period on varying the oscillator frequency. 


Furthermore, if unfavourable RC filter links were selected for the control 
volta, an oscillation of the control circuit could be erved, which can, 
however, be easily counteracted, 


3. THEORY OF OPERATION ( Fig. 1) 


We would like to explain the operation of the phase-locked principle with 
the aid of the block diagram given in Fig. 1, Let us firstly assume that 
the control voltage ( U, ) connection is broken. An RF si, aken from 
the oscillator, which is oscillating at a frequency f, adjacent to the re- 
quired nominal frequency, and is mixed with the fixed auxillary frequency 
fo, { or with several fixed frequencies in the subsequent stages). This has 
been made in order to obtain a lower frequency f; which is within the fre- 
quency range of the variable auxiliary oscillator ( VFO). The frequency 
of this oscillator is adjusted to the frequency {,9. 


a) Cirevit 


A frequency or phase comparison can now be carried out in the subse- 
quent stage. 


3.1, FREQUENCY COMPARISON 


In order to obtain the required sum frequency fo) + {59 from f,, let us 
firstly assume that we have a circuit in which we can compare h fre- 
quencies to another. A control voltage should be available at the output 
which is both of the correct sign and proportional to the frequency diffe- 
rence between f; and fo9. If the control line is now reconnected, the fre- 
quency f, of the local oscillator will ( if the polarity is correct) be re- 
duced by means of the varactor diode until 


{i os {oa and thus fos ft) +f 


It can be seen that a residual frequency deviation exists between the fre- 
quency f, of the local oscillator and the nominal frequency when using 
frequency discriminator. Since such circuits are more extensive than phi 
comparator circuits, the latter are normally employed, 


The disadvantage of the phase comparison circuit, namely that the local 
oscillator will be ambiguously controlled at frequency deviations of several 
hundred Hz between the two frequencies in question, can be compensated 
for with the aid of a special lock-in circuit. 


3,2, PHASE COMPARISON USING A SYNCHRONOUS DEMODULATOR 
( Pig. 2) 


Normal demodulation circuits can be used in the phase comparator circuit 
( phase discriminator ) if the DC components are not suppressed, 


The use of a synchronous demodulator ( synchronous detector, product de- 
tector ) as a phase discriminator is shown in Fig. 2. The diodes are con- 
nected anti-ph. ({ Fig. 2a) and are fed in push-pull with U, well as 
with Ugg in push-push, Two examples of different phase positions between 
U, and U,g are shown in the vector diagram ( Fig. 2b), The output vol- 
tage U, as a function of the phase position results approximately from the 
difference in length of the two vectors shown as dashed lines: 


'b) Vector Diagram at dys 90° and 


Uy’ # TP voltage dq +120* The voltage Ur is pro- —¢) Control voltage in dependence of the phase 
Usa ® Auxiliary voltage from VFO portional to the ditference between angie difference dy between Us and Ur 
U2 OC voltage resulting at the the vector lengths Up! and Uoz 

output 


Fig.2: Circuit Diagram, Vector Diagram and Characteristic Curve of the Output Voltage Uc of a 


Synchronous Demodulator 


Uy falls from a maximum value at a frequency difference of dg = 0 to 
zero at dg * 90° and will become negative at greater phase differences 
until d—p = 180° is reached. 


The curve differs essentially from a cosine function if Uy, and Ug are 
approximately of equal amplitude, This deviation is, in our case, extre- 
mely favourable since the centre portion of the characteristic curve is 
flatter, (On the other hand, when using such circuits for amplitude and 
single sideband demodulation, the value of Ugg must be at least 5 times 
ar r than U; to ensure a low distortion level ). 


If fog and ti differ slightly from another, this will correspond toa  con- 
tinously increasing phase difference and U, will fluctuate periodically with 
the difference frequency in the form of a distorted AC vol At greater 
frequency differences, the amplitude of this alternating volt. will be re- 
duced rapidly due to the RC filter link required by the circuit. 


If the control line is connected and the filtering is not too great, larger 
phase differences do not usually occur which could cause the phase-lock 
of the local oscillator to be unsynchronized, even if the VFO is tuned or 
the resonant circuit of the local oscillator detuned, A phase difference bet- 
ween U; and Use slightly deviating from 90° is always present, 


3.3, PHASE COMPARISON USING AN ENVELOPE DEMODULATOR 
( Fig. 3) 


A simple diode circuit can often be used as a phase discriminator, Fig. 
3 shows an example of such a circuit with two vector diagrams and an 
illustration showing the output voltage as a function of the phase difference, 
The output voltage U, is approximately proportional to the length of the 
resulting vector and is always positive ( or negative if the diode is re- 
versed ), The control voltage U, is only zero when U, and Ug are equal- 
ly great or if the sum voltage is below the threshold of the diode. 


Whereas the synchronous demodulator supplies an output voltage at a cer- 
tain phage difference, namely 90°, whose amplitude is independent of the 
magnitudes of U; and Uo) ( namely zero ), the envelope demodulator, how- 
ever, will cause U, to react to any variation of U; and Up. The utili- 
zation of this circuit is, in many ca. limited by this as is the usable 
pull-in range of the local oscillator. 
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Output Voltage Uc of an Envetope Demodulator 
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Frequency differences between U,; and Ug correspond to a continuous in- 
crease or decre: of the phase difference, which is also the case with 
the synchronous demodulator, This causes periodic fluctuations of U, at 
the difference frequency 


‘ 
\4 7 | . | ~ ty ~ tg] 
At greater deviations, the AC component of U, will fall and the DC com- 


ponent will approximately reach the same value as when synchronized 
( phase difference 4p = 0), 


3.4, FILTERING OF THE CONTROL VOLTAGE 


Since any variation of the control voltage U. will cause a phase or fre- 
quency modulation of U;, the control voltage must refully filtered, 
RF components from the control circuit oscillators, also the oscillators 
and intermediate frequencies of the receiver, can cause a modulation of 
the local oscillator frequency if they reach the varactor diodes. The same 
is valid for AF interference, noise, hum etc. 


On the other hand, the filtering should not damp the circuit in such a 
manner, that the control voltage is not able to compensate for a rapid 
phase shift of U, (e, a result of a load variation ). 


3.5, THE PHASE-LOCK RANGE 


We have not described the actual synchronization process in the previous 
considerations. We would, therefore, now like to describe this process 
in more detail. 


Firstly to the block diagram ( Fig. 1). Let us assume that an increase 
of the control voltage Us will cause the frequency of the local oscillator 
to also increase ( the capacitance of the varactors is thus lower ), 


Statement: U; can only be phase-locked to fo) + fog if U, leads the vol- 
tage Uo2 in the range 0° to 180°, 


Explanation: Let us assume that the circuit has been controlled in such 
a manner that U; leads the voltage U2 by approximately 90°, The vol- 
tage ratios of the discriminator circuit are given as a vector diagram in 
Fig. 3b (or Fig. 2b) , whereby the magnitude of the control voltage is 
given in Fig. 3c (or Fig. 2c). The local oscillator is now detuned so 
that its frequency slightly increases. The phase difference between U; and 
Up2 will then iner and U, will decrease, as is shown in Fig. 3c ( or 
Fig. 2c), e.g. for a phase angle of 1200, However, the oscillator fre- 
quency is also reduced, and thus also the phase difference, until the ori- 
ginal phase position is virtually achieved. 


If the same consideration is made if uy lags Ug2, it will be seen that the 
phase difference will be controlled until Uy leads Ugg by 0° to 180°. 


This merely means that the prerequisites for the correct operation of the 
circuit are only met if U; leads Uoe- Further information, such as the 
rejection of control oscillations, is not covered. Such considerations also 
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Fig. 4: Circuit Diagram of the Phase-Locked Oscillator (Printed circuit board DJ7 ZV 001) 


show that the frequency f; can only jump to values higher than the nominal 
frequency if the circuit according to Fig. 3a is used and the control range 
of the varactor diode is not exceeded. 


Of course, it is advantageous for the operating point and cifications of 
the varactor diode and the discriminator circuit to be selected so that a 
small phase variation causes a relatively great frequency deviation. 


4. EXAMPLE OF PHASE-LOCKED OSCILLATOR CIRCUIT 


Of the five different oscillator circuits developed, the circuit shown in 
Fig. 4 and 5 was found to be the most favourable. In this description, we 
will not discuss the cooperation between the individual 
importance in respect to the oscillator as a whole since the nec 
information has been already given in Section 3 and is additionally shown 
in the block diagram ( Fig. 1) associated with the circuit diagram. The 
pull-in range of the described phase-locked oscillator is gre: 
MHz, 


The frequencies given in the block and circuit diagram are only given as 
and can be modified if necessary. However, a complete trans- 
g this phase-locked oscillator and the given frequencies will be 
described in a later edition of VHF COMMUNICATIONS. 
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The local oscillator ( Fig. 5) is equipped with the transistor T 10 and 
in a common-base three-point circuit. The varactor diode D 5 
ected to the resonant circuit via a 40 pF capacitor. The control 
voltage U, is injected via a 56 kQ resistor. If the DC voltage increases, 
the capacitance of the diode will decrease, thus causing the frequency to 
rise. 


The oscillator is followed by an amplifier stage equipped with the low-re- 
active transistor T 11, A voltage of 700 mV - across 609 - is available 
on the coupling link of the collector circuit for the transmit or receive 
mixers. 


The input of the control circuit is connected to the local oscillator via a 
coupling link (L 9, ). This is followed by a two stage filter (L1 and L 2) 
covering the frequency range of the local oscillator, and a common-emitter 
amplifier stage. The amplification of this stage is sufficient to drive the 
following mixer stage. 


The crystal oscillator with transistor T7 and the subsequent frequency 
multiplier stage with the transistor T6 do not po: s any special features, 
( Of course, it is also possible to equip the oscillator with a crystal os- 
cillating at the first auxiliary frequency and to merely amplify the signal 
in the following amplifier stage ). Sinée the tuning range of the variable 
frequency oscillator at the second auxiliary frequency is not sufficient to 
cover the whole 2 metre band, it ls necessary to use two crystala which 
are then alternately switched into circuit via diodes D 3 and D 4. The ope- 
rating voltage for the crystal oscillators is additionally stabilized with the 
aid of a pass-transistor (T 9) and a 8 V zener diode. 


The RF voltage at the frequency f5) taken from the tripler st 
via a capacitor of | pF to the base of the first mixer with tran, 
and the signal from the buffer stage via 3.3 pF. A RC low-pass filter is 
to be found in the collector circuit of the mixer transistor which only 
allows the intermediate frequency f, ( the transposed local oscillator fre- 


quency ) to pa 


The trimmer potentiometer P 1 is to be found in the emitter circuit of 
the subsequent common-base stage, This trimmer is provided to adjust 
the IF current at the input of the following adding stage to a favourable 
value. The adding stage is designed to suppress any reaction of the second 
auxiliary oscillator voltage on the first mixer stage. 


cond auxiliary oscillator ( VFO for {,9) is 2.0 
in question. The RF current fed from this oscilla- 
tor to the base of the adding stage can be adjusted with the aid of P 2. 


The total RF current fed to the base of the adding stage is the geometri- 
cal sum of the components obtained from the IF buffer stage and the auxi- 
liary variable frequency oscillator, The corresponding vector diagram is 
shown in Fig. 3b. The resulting current is amplified in the subsequent 
transistors T 4 and T 5. 


The phase comparison finally takes place in the rectifier circuit. The 
200 pF capacitor represents a "storage capacitor” to which a loading re- 
sistor and a RC link are connected in parallel. This is followed by a en 
resistor and an absorption circuit for the intermediate frequency range as 
well as a RC link consisting of 2709 / 1 uF. 


This filter network is calculated so that the IF voltage cannot be passed 
via the control line to the control diode, On the other hand, it ensures 
that the frequency control is made rapidly and that no oscillation of the 
control circuit can occur, 


The lock-in circuit comprising the unijunction transistor T 8 is connected 
to the control line. The characteristic feature of the unijunction transistor 
is the fact that a change-over switching takes place between the emitter 
and base 1 when the emitter-base voltage exceeds a certain value which 
is dependent on the voltage between base | and base 2. 


In the case in question, the two RF voltages simultaneously fed to the rec~ 
tifier diode are adjusted in such a manner that the unijunction transistor 
switches when the frequency f, falls out of synchronization, The 1 uF ca- 
pacitor will then discharge over the emitter-base 1 path, the control vol- 
tage will fall and the local oscillator will jump to a lower frequency. The 
capacitor is slowly recharged, the frequency f; and thus also ty! will in- 
crease. As soon as f, has virtually the same frequency as fo2 and comes 
into the phase-ldcked range, the sum RF voltage and thus the rectified 
(and filtered) voltage will decrease and will balance itself. In the described 
circuit, the frequency of the local oscillator will be swept through the 
whole range in approximately 10 ms, whould the frequency fall out of syn- 
chronization, 


We would now like to mention some characteristics of the unijunction tran- 
sistor: Attention must be paid when connecting the unijunction transistor 
that the polarity of the two base connections is correct. Base 1 is con- 
nected to the negative and base 2 to the positive pole. 


The characteristic curve is given in Fig. 6; the voltage between the emit- 
ter and the base is shown vertically and the emitter current horizontally. 
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Fig. 6: Individual characteristic 


of a Unijunction Transistor 
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A small amount of emitter current will flow at an emitter ~ base 1 vol- 
tage of Upp, = 0 which will attempt to positively charge the emitter; the 
current ioe the order of a few microamps for the majority of unijunction 
transistor types. If a variable voltage source is placed between the emitter 
and the base and then increased, the current will firstly decrease to zero 
and will then increase, but will remain at a low level, When the supplied 
voltage finally reaches the peak of the curve ( "switching voltage" ), the 
negative portion of the characteristic will be reached: the emitter - base 1 
resistance is so small that the voltage drops; a current results which is 
only limited by the impedance of the voltage source ( if the component has 
not been destroyed previous to this). The return switching will not occur 
until the supplied voltage drops below the residual voltage level or until 
the current is reduced below the peak value. This peak value of the cha- 
racteristic, which represents the switching point, can be varied by alter- 
ing the voltage between base 2 and base 1. 


In the case of the described circuit, the original condition of the unijunction 
transistor is obtained by discharging the capacitor, If the capacitance of 
this capacitor is greater than 0.24 F, it will be advantageous to place a 
resistor into the emitter or base | lead, 


5. MECHANICAL ASSEMBLY ( Fig. 7 to 9) 


The circuit according to Fig. 4 is accommodated on a printed circuit board 
as shown in Fig. 8 with the dimensions of 75 mm x 140 mm, The circuit 
of the free-running oscillator, as given in Fig. 5, is contained on the 
printed circuit board shown in Fig. 9. The latter is 50 x 85 mm in size. 
Figures 8 and 9 also include the component location plans as well as de- 
tails regarding the components and values, The mounting of the components 
onto the two printed circuit boards should be made in conjunction with the 
two circuit diagrams and the location plans Fig. 8b and 9b. These plans 
contain all details with the exception of the coil data which is given in the 
following chapter. The photograph Fig. 7 shows the specimen board as- 
sembly built-up by the author DJ 7 ZV. 


Fig. 9a 


Printed Circuit Board 
DJ 7 ZV 002 
for the Loc 
according to Fig. 5 


4 Fig. 8a 
Printed Circuit Board 
DJ 7 ZV 001 
for the Phase-Locked 
Oscillator 
according -to Fig. 4 
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6 turns of 0.8 mm dia. 20 AWG) PVC ins 


wound on a 6 mm coil 


ted copper wire 
1 VHF core, Coil 
length approximately 8 mm. Coil tap 1 turn from the cold end, 


‘ormer equipped with 


5 turns; wire, coil form 


rand core as for L 1 Coil length ap 
proximately 6 mm, Coil tap 1 turn from the cold end. Spacing 
between the centre points of L.1 and L.2 © 12,5 mm. 


3.5 turns; wire, coil former and core as for L 1. Coil length 
approximately 4 mm. 


L3 


1 Oscillator 
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Fig. 9b 


Component Location Plan 
of Printed Circuit Board 
DJ 7 ZV 002 


Fig. 8b 


Component Location Plan 
of Printed Circuit Board 
DJ 7 ZV 001, 


LS 8 


7.5 turns of | mm dia. (18 AWG) silver-plated copper wire 
wound on a 6 mm coil former equipped with a VHF core. Coil 
length approximately 9 mm, Coil tap a - b * 0,5 turns, 

Choke, 15 turns of 0.3 mm dia, (29 AWG) enammeled copper 
wire wound on a plexiglass rod or other plastic former of 6 mm 
diameter, 

Choke, 46 turns of 0.3 mm dia, ( 29 AWG) enammeled copper 
wire wound on a 6mm former similar to L 6. 


Choke, 23 turns of 0.3 mm dia. ( 29 AWG) enammeled copper 
wire wound on a 4mm dia, resistor. 


L9 © 4 turns of 1 mm dia. ( 18 AWG ) silver-plated copper wire wound 
on a 6 mm coil former equipped with a VHF core. Coil length 
approximately 9mm. Coil tap c - d * 1.7 turns. 


L9c * Coupling link, 1 turn of 0.8mm dia, ( 20 AWG) PVC insulated 
copper wire wound onto L 9, 


L10 * 3,5 turns; wire and coil former as for L 1, HF core, 
Ll0c* 2,75 turns; wire as for L 1 wound between the turns of L 10, 


Chi = 15 turns of 0,3 mm dia. (29 AWG) enammeled copper wire close- 
wound onto a 2.5 mm dia. resistor, 


Ch 2 = Wideband choke; ferrite bead, i.e. Ferroxcube Type VK 200 10/4 
from Valvo or similar. 


BF 224, BF 155 or 2N 3478 

BF 224, BC 131, BC 109 or 2N 918 

2N 3704, BC 131 or BC 109 

2N 3704, BC 129 or BC 107 

2N 3702 ( PNP) 

BF 224, BF 152, BF 173 or 2N 3478 

2N 3704, BC 129 or BC 107 

TIS 43 or 2N 489 

2N 3704, BC 129 or BC 107 

BF 224, BF 173 or 2N 918 

BF 224 or 2N 3478 

AA 112 or IN 38 

OA 126/8, 1N 430, 1N 1931 ( Zener : 8 V, 250 mW ) 
AA 112, OA 182, 1N 118A or 1N 419 

BA 110, BA 121 ( Varactor: 10 pF at 2V) 
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6. ALIGNMENT 


The following measuring instruments are required for the alignment pro- 
cedure; A dip m means of monitoring the fixed frequencies f{,) and 
the output frequency as well as a DC multimeter, a suitably switched yA 
meter ( high resistance meter with a 10 V FSD is sufficient) or a valve 
volt meter ( VT'VM ). 


Connect the VI'VM to the control voltage connection @) and short con- 
nection @) to ground, 


Fig. 10 
Voltage Measurement Voltage Measurement 
using a voltmeter using a VTVM 
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The alignment of the printed circuit boards is carried out in the following 
manner: 


a) Equip the PC board DJ 7 ZV 001 ( Fig. 8) with all components with 
the exception of the unijunction transistor and connect the operating 
voltage. A noise level should be observed at the control voltage con- 
nection 


b) Align the crystal oscillator and the frequency multiplier stage, after 
which the frequency fon should be monitored, 


c) Assemble the printed circuit board DJ 7 ZV 002 according to Fig. 9, 
Connect a 60 {terminating resistor to the output and align the circuit 
so that the required frequency range f; of 135 MHz to 137 MHz is 
obtained at a control voltage of U, * 3.2 V to 3.8 V. The control 
voltage U, is taken from a battery during the alignment procedure, 
The frequency f; should now be monitored, This can be carried out 
by mixing f; with a 9 MHz signal to obtain the frequency of 144 MHz, 


d) Bulld up the alignment circuit for the filters of the printed circuit 
board DJ 7 ZV 001 ( Fig. 8), The VFO is still not connected. Tune 
the printed cireult ( Fig. 9) from f; = 135 MHz to 137 MHz by alter- 
ing the control voltage from U, * 3.2 V to 3.8 V. Monitor the 144 
MHz frequency resulting after mixing with the 9 MHz auxiliary fre- 
quency. The three stages located on printed circuit board DJ 7 ZV 001 
comprising L 1, L 2 and L 3 are now aligned so that the required 
bandpass characteristic is obtained. 


Meter | should indicate approximately 5 V. Switch crystals Q 1 and 
Q 2 of the {,; oscillator to the correct position by operating switch 
si. 


e) Disconnect the signal voltage connection ( U, ) between the two printed 
elreuit boards, Feed frequency fJ2 from the variable frequency os- 
cillator to connection @) of printed circuit board DJ 7 ZV 001, The 
VFO should provide an RF voltage of at least 1.0 V over the whole 
frequency range. The reading on meter I should indicate 4,5 to 5.5 V 
during this measurement. 


f Connect the two circuit boards to another by means of a short coaxial 
cable. The unijunction transistor T 8 has still not be mounted onto 
printed circuit board DJ 7 ZV 001. Allow the frequency f, to be varied 
over the whole range from 135 MHz to 137 MHz by discharging the 
1 uF capacitor at the emitter of the unijunction transistor T 8, The 
volt, reading on meter I should be in the range of 3,2 V to 3.8 V, 
If this is the case, the synchronization process is operating correctly. 


Fig. 11 Alignment Circuit ( see Fig. 10) 


Fig. 12 Operational Circuit 


A clean signal should now be heard in the receiver, The control vol- 
tage U, is now varied by detuning the oscillator frequency f; ( Fig. 5 
or Fig. 9). The synchronized condition should, however, be maintained 
up to + 1 V over the whole range of the VFO, It may be necessary 
to re-discharge the 1 4F capacitor at the emitter of T 8. It should 
now be possible for the output frequency f; to be varied over the whole 
of the 2 MHz wide frequency band by tuning the VFO ( See Fig. 12). 


The synchronization should be checked at all positions of the range; 
after which the signal voltage ( U, ) connection is disconnected. The 
unijunction transistor T 8 should now be mounted on printed circuit 
board DJ 7 ZV 001, Adjust the 10 k? trimmer potentiometer in the 
base 2 circuit of T 8 so that the unijunction transistor correctly swi- 
tches over the whole VFO range as a result of the voltage fed from 
the VFO to the demodulator (D1). 


Reconnect the signal voltage connection Ug, Adjust the voltage of the 
mixed signal so that the highest degree of synchronization is achieved 
(See Fig. 12), If the arrangement comprising circuit boards 001 and 
002 does not synchronize; this will indicate that either one of the fol- 
lowing conditions have not been observed or that the alignment given 
in Section 6 has not been carried out correctly. 


Operating conditions for the phase-locked oscillator: 

The crystal-controlled oscillator required for the generation of the 
fixed auxiliary frequency ( frequencies ) must oscillate to the value 
of frequency [52 above the output frequency of the local oscillator, 
This is because the synchronization occurs from the lower frequency 
direction, 

At an output frequency of f; = 135 MHz to 137 MHz and a VFO fre- 


quency of {92 = 2 MHz to 3 MHz, the required fixed frequencies are 
fog * 138 MHz and fo}, * 139 MHz. 


Further prerequisites for the correct operation of the phase-locked os- 
cillator are: 


a) 
b) 


e) 


a) 


The fixed auxiliary oscillator must generate a stable and clean signal 
All RF stages of the circuit must operate free of spurious signals, 


The free-running oscillator for fy must only oscillate at the required 
frequency. 

The variable frequency oscillator ( VFO) for f,2 should be virtually 
free of harmonics and supply a constant signal voltage over the whole 
tuning range. 


THE HB 9 CV ANTENNA FOR VHF AND UHF 


by H.J. Franke, DK 1 PN 


1, INTRODUCTION 


This two element directional antenna was originally designed by R, Baum- 
gartner, HB 9 CV for the HF shortwave bands (1) (2) and has been de- 
scribed - in a modified form for the two metre band - on several oc 
sions in the magazine UKW-BERICHTE ( 3) ( 4). These descriptions were 
extremely popular because this relatively short antenna could be favourably 
used for fox-hunts, portable operation from mountain sites and for mobile 
operation, The fact that the antenna can also be dismantled is another ad- 
vant 


The following article describes firstly the results obtained with the two 
metre HB 9 CV antenna according to (3) and secondly two HB 9 CV an- 
tennas, one for the 70 cm band and the other for the 24 cm band, 


2. THE HB 9 CV ANTENNA FOR THE TWO METRE BAND 


The two metre antenna was assembled according to Fig. 1, which was 
also given in the description (3) and measured, In this description, the 
use of a trimmer capacitor between the connection point for the inner con- 
ductor and the inner conductor itself was recommended, On measuring the 
antenna impedance or standing wave ratio (SWR), it was observed that 
this trimmer is absolutely necessary in order to achieve a SWR of less 
than 3:1. In the most favourable position of the trimmer, a SWR value of 
1,18:1 was achieved, This value was improved to 1,12:1 by slightly shift- 
ing the tapping point on the reflector, Since, however, only 4% of the power 
im reflected at a standing wave ratio of 1.5:1 (5), a value of 1.18:1 can 
be classed as extremely good for amateur considerations, 


The most interesting of the measured values of the antenna is the gain, 
This is described as being approximately 5.5 dB in (2), 8 dB above a 
normal whip antenna in (3), to be 3 dB better than a three element mount- 
ed on acar in (4) ( approx, 8 dB, ed, ) and finally 6 to 7 dB better than 
a dipole in (6), Gain measurements which have been made by the author 
together with H.v, Elen, DJ 1 VO and R. Lentz, DL 3 WR, have shown that 
in of approximately 4.5 dB over a half wave dipole was obtained with 
the two metre HB 9 CV antenna as well as for the later described 70 cm 
version. The side lobes at 90° and 270° were measured and found to be 
approximately 39 dB less than the value for the main lobe, The front-to- 
back ratio was, with approximately 14 dB, not extraordinary good, 


3. THE HB 9 CV ANTENNA FOR 70 cm 


During a 70 cm fox-hunt at the Schwébischer VHF Meeting in Ottobeuren, 
an HB 9 CV antenna with dimensions one third of the size of those given 
in Fig. 1 was used with success for direction finding. However, the an- 
tenna was measured afterwards and was found to have a SWR of 3:1 which 


Material: brass 
All dimensions given in mm 


‘i | 
Ay | 
Fig.1 A Collapsible HB9 CV Antenna for the 2 Metre Band 
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can no longer be classed as being tolerable, With the aid of a Z-g dia- 
graph ( an impedance measuring instrument manufactured by the company 
of Rohde u, Schwarz ) other dimensions were found which enabled the same 
measuring values to be obtained as with the two metre antenna built-up 
according to Fig. 1, The feed line was, at the same time, formed in a 
different manner so that it could be more favourably matched and mounted 
to the antenna elements. By reducing the number of bends in the Z-shaped 
matching section - which is used to feed the two elements from the common 
feed line - the inductance was also altered which led to further deviations 
from the description (3), The final design and the dimensions of the 70 
cm HB 9 CV antenna are given in Fig, 2. This small antenna cannot, how~ 
ever, be dismantled, 
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Fig.2 Form and dimensions of the HB 9CV antennas for the 70¢m and 
2kem band according to OKI PN 


As already mentioned, the measuring values obtained with this antenna 
are practically identical to th of the two metre version, The SWR as 
a function of frequency was measured with the aid of a Z-g diagraph and 
is given in Fig, 3, 


The compensating capacitor value of 3 pF only represents a nominal value, 
The attempt to replace the correctly adjusted trimmer with a fixed capa- 
citor of the same value failed because only one of a number was found 
which enabled the low SWR to be maintained. After this capacitor was 
finally soldered into place with shorter leads, however, a far higher SWR 
was measured, The trimmer has been retained for this reason, 


Fig.2 Standing wave ratio of the 70cm HB9CV Antenna 


continuous line fined capacitor of 0.7 pF 


Fig. & Standing wave ratio of the 26cm HBOCV Antenna 


dashed line, without compensating capacitor 


The mechanical dimensions of this 70 cm antenna were also found to be 
extremely critical ~ and even more so for the 24cm model described 
later. Changes of the material thickness can, for instance, only be carried 
out if a reflectometer (SWR-meter ) is available which has been checked 
against an accurate terminating resistor, 


4. THE HB 9 CV ANTENNA FOR 24 cm 


‘The dimensions of the 70 cm model were divided again by three and the 
most favourable value of the compensating capacitor was determined, The: 
values are given in the tab! of Fig. 2, The SWR a function of fre- 
quency was determined once again with the aid of the Z-g diagraph and 
is given in Fig. 4, The compensating capacitor has a value of approxi- 
mately 0.7 to 1 pF, The same remarks are valid for this capacitor as 
for that of the 70 cm model. Since no favourable trimmer was availabl 
the SWR m rement was carried out using a fixed capacitor with a no- 
minal value of | pF, This could explain why the measured values ( see 
Fig. 4) were not entirely satisfactory. Of course this antenna type, with 
jain of approximately 4.5 dB at UHF, represents an antenna best suited 
for experiments or for short haul communications, The author would, how- 
ever, firstly like to point out the success at 70 cm fox-hunts and to suggest 
the HB 9 CV antenna for use in stacked arrays, 


5. THE MEASURING TECHNOLOGY 


The antennas described in sections 3, and 4, represent the result of mo- 
difications, which have been carried out to obtain the most favourable 
standing wave ratio, Whereas the final measuring values were determined 
on a Z-g diagraph, a home-made reflectometer was used for the field 
experiments, The reflectomet checked 
minating resistor previous to these measurements; the reading was exact- 
ly 1:1 for both the 2 metre band and the 70 cm band, 


A measuring arrangement as shown in Fig. 5 was used for the alignment 
process. The bandpass filter is used to suppress any harmonics or spurious 
signals from the ( transistor) transmitter, This is necessary because any 
frequencies not corresponding to the pass band, will always be reflected 
from the antenna and would thus cause an increase in the SWR, This will 
be clearly seen if the SWR values fluctuate between different transmitters, 


Fig.5 Arrangement used to measure the standing wave ratio DKIPN Ay 


The attenuator pad ensures that the signal component reflected from the 
is not reflected again from the transmitter output. If this were 
it would flow back and forth until converted into heat by the 
cable attenuation, which would also falsify the measured values. If the 
SWR approaches the value 1:1, the attenuator pad can be removed, how- 
ever, the filter must be retained, 


The measurement of the antenna gain was carried out after having aligned 
the antenna for the most favourable SWR. In addition to this, a professional 
attenuator was placed betweenthe receiver and the antenna to be measured, 
This attenuator was adjusted for an insertion loss of 30 to 40 dB. 


For your information, some of the values given in (5) are now given to 
show the reflected power in per cent as a function of the SWR. 
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144 MHz /432 MHz TRANSVERTER FOR LOW POWER AND FIELD DAY 
APPLICATIONS 


by L. Wagner, DL 9 JU 


The idea to equip a 2 metre / 70 cm varactor tripler with an additional 
crystal-controlled oscillator stage and, in this manner, to also use the 
varactor diode as the receive mixer, was incited by a lecture given by 
D. Vollhardt, DL 3 NQ, during the German VHF meeting held in Weinheim 
in 1965. This was followed by various discussions on the matter after- 
wards, The result was an extremely simple, but somewhat compromised, 
erter which could be operated with any 2 metre transceiver with a 
it power of 100 to 500 mW, to form a 70 cm station. Higher powers 
could also be tripled by using a varactor with a higher power rating. How~ 
ever, the limited receive sensitivity (no preamplifier stage) would no 
longer represent a favourable relationship to the transmit power. The 
transverter is so small that it can normally be accommodated within the 
transceiver itwelf or, if this is not possible, it can easily be connected 
externally, The results obtained on operating from mountain sites in the 
Bavarian Mountain Field Day ( BBT ) have shown that 70 cm voice commu- 
nication is possible over considerable distances using the described trans- 
verter ( see Section 4). 


1, CIRCUIT DIAGRAM OF THE 144 MHz /432 MHz Transverter (Fig. 1) 


The upper portion of the circuit diagram shown in Fig. 1 corresponds to 
a normal simple varactor tripler transposing a 2 metre signal to 70 cm, 
The components L 2 and C 3 form an idler circuit at a frequency of 288 
MHz, To enable this tripler to be used as a converter in the receive mode, 
it is necessary to provide an oscillator to supply the diode with an auxi- 
lary frequency of 288 MHz at a sufficient level, This is achieved with the 
auxiliary oscillator comprising transistor T 1. The oscillator operates in 
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a hybrid circuit ( that is,none of the transistor electrodes are, in the RF 
sence, commonly used by two of the components connected ) which operates 
at the frequency of the 57,6 MHz crystal Q 1, The 57 MHz resonant circuit, 
consisting of L. 4 and C6/C 5, is to be found at the collector, The idler 
circuit with L 2 and C3/C 5 forms a filter circuit for the fifth harmonic 
( 288 MHz ) of the oscillator frequency which is connected to the oscillator 
via C 6. In this manner the power of the 5th harmonic is p: d to the 
varactor, 


The receive frequency of 432 MHz is mixed with the injected auxiliary 
frequency of 288 MHz to obtain the input frequency for the receiver of 
144 MHz, 


The attempt to quintuple the crystal frequency in the oscillator stage and 
to feed same to the auxiliary circuit - and in this manner to achieve a 
greater harmonic power t did not obtain the desired receive results, J, 
Reithofer, DL 6 MH, also came to the same conclusion. It is assumed 


that the circuit used produces a high harmonic content because the voltage 
dependent collector-base capacity allows the fundamental power to be con- 
verted into harmonic power, in a similar manner as the varactor, with low 
loss. 


Special attention must be made in the selection of a suitable oscillator 
transistor T 1, The overlay transistor 2 N 3866 has shown itself to be well 
suitable for this purpose, Other transistors such 2N 708 and 2.N 2219 
were found to be not suitable. Germanium UHF pre-amplifier transistors 
such as AF 139, cannot be used due to their low power dissipation. In 
order to obtain the highest harmonic content from the oscillator T 1, no 
additional capacitance may be connected in parallel to the collector stage 
inductance L 4 in addition to C5/C 6, The resistor R5 serves to rsa 
the collector stage. The 12 V power supply, which is only required to 
power the auxiliary oscillator T 1, is made via a feed-through filter or, 
at least, via a feed-through capacitor, Harmonics which could be injected 
into the stage from DC to DC converters are, if apparent, thus suppressed, 


2, MECHANICAL ASSEMBLY OF THE TRANSVERTER 


The mechanical assembly of the 144 MHz /432 MHz transverter can be 
seen in Fig. 2, 3, 4 and 5. The circuit shown in Fig. 1 is built up on a 
non-etched epoxy board with the dimensions of 70 mm ( 2.75") by 100 
mm ( 3.94"), The arrangement is not critical, The individual components 
are accommodated as shown in the fullscale drawing Fig. 2b. 


After having made the cutouts for the two coaxial sockets, the transistor 
socket, the crystal socket, the feed-through filter, the coil formers as 
well as the mounting holes for the four trimmers and the four mounting 
bushings ( see Fig. 3), the assembly may be commenced. All ground con- 
nections should be made to the coated side of the circuit board, The mount- 
ing of the varactor diode should be made with the shortest lea 
bering to cool the connection leads with a pair of pliers or sim 
the soldering procedure, Four spacing bushings - see Fig. 3b - are to be 
found on the coated side of the circuit board in addition to the components, 
The complete arrangement can be covered with an aluminum plate as shown 
in Fig. 3a which contains all the cutouts necessary for the alignment pro- 
cedure, 
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Fig. 2b: Mechanical assembly of the tranverter 
from below 
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2.1. COIL DATA AND COMPONENTS 


L 1 6 turns of silver-plated copper wire, 1,2 mm ( 17 AWG ) dia. wound 
on a 10mm former, self-supporting, approx. 15 mm long. 


L 2 4 turns of silver-plated copper wire, 1,2 mm (17 AWG ) dia, wound 
on a 6 mm former, self-supporting, approx. 8 mm long. 


L 3 3 turns of silver-plated copper wire, 1.5 mm ( 15 AWG ) dia. wound 
on a 6mm former, self-supporting, approx, 8 mm long and with 
tapping 0.75 of a turn from the cold end ( ground ). 


7 turns of cotton covered enamelled copper wire, 0,3 mm ( 29AWG ) 
dia. on a coil former of 6 mm dia. ( see Fig. 6 ),HF core. 


57,6 MHz crystal in a ceramic holder, 

C 2, C3 Air spaced trimmers 11 pF max. 
Air spaced trimmer 5 pF max, 

Ceramic disc capacitor 100 pF 

Ceramic disc capacitor 10 pF 

Ceramic disc capacitor 15 pF 


Skt, 1, Skt, 2 BNC coaxial socket UG-1094/U, Z*= 52Q 


D1 Varactor diode BA 121 or BA 149 AEG-Telefunken or Intermetall 
BA 110, (BA 121: Cy = 10pF at Up * 2V PIV* 30V Q = 600 
Up * 2. V and f = 30 MHz max, diss. * 250 mW case = DO7). 


T 1 2.N 3866 from RCA 
Ri 30kQR2 2.7kQ; RI 10kN 
R4 2700; RS 3.3kQ 


All resistors are rated at 0,1 watt, 


cr 
. 


aqaanne 
AO ene 


3, ALIGNMENT OF THE 144 MHz /432 MHz TRANSVERTER 


The alignment of the transverter is made in the following manner: Firstly 
diode D1 is low-inductively bridged with a metal strip. The idler circuit 
consisting of L 2 and C 3/C 5 is aligned, using a signal generator or a 
dip meter, to the frequency of 288 MHz, after which the bridge is removed. 
The trimmer C 3 should, after this, not be altered, 


The 2 metre transceiver is connected to the 144 MHz input socket Skt. 1, 
and socket Skt, 2 is terminated with a 52Q resistor as well as being 
connected to a 432 MHz indicating circuit ( e.g. an absorbtion circuit with 
diode and meter ), The transmitter should now be switched on and capa- 
citors C1, C 2 and C 4 aligned for a maximum reading on the indicator, 
This procedure should be repeated several times due to the interaction 
between the individual circuits, 


After this the transceiver is switched to receive. A 70 cm signal is now 
fed to socket Skt, 2, whereby the harmonics of a 2 metre transmitter are 
usually sufficient, The inductance L 4 should now be aligned for maximum 
receive volume. A fayourable compromise between the most optimum tripl- 
ing in the transmit mode and the best reception in the receive mode should 
now be determined by capacitors C 1 and C 2. The alignment is with this 
completed, 


Spacing pieces, aluminium, required 


Fig. 3a 

Aluminium plate for the lower cover 
Dimensions 100x70 mm 
« 2.75") 


4. OPERATIONAL RESULTS AND NOTES 


The noise figure of the 144 MHz /432 MHz transverter was measured in 
conjunction with a 2 metre transistor converter with a noise figure of ap- 
proximately 10 dB, The efficiency of the tripler in the transmit mode was 
in between 40 and 50%, The described transverter was used by the author 
for 70 cm operation from mountain sites in the Bavarian Forest, whereby 
voice communication was made over distances exceeding 150 kan (95 miles). 
The output power of the 2 metre portable station was approximately 200 mW 
which means that the maximum possible power on 70 cm was not more than 


100 mW. 
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A SOLID-STATE CONVERTER FOR 24 cm 
by R. Lentz, DL 3 WR 


The following article has been written more extensively in order to discuss 
the problems encountered in conjunction with diode mixer and varactor diode 
multiplier stages, We hope that the article will be informative and also 
of interest to those readers who do not intend to build the converter or 
only wish to copy some particular portion of the design, 


1, INTRODUCTION 


The following 24 cm converter is exclusively equipped with silicon semi- 
conductors and can thus be operated from a 12 V source. Since the total 
current drain is only 20 mA, the converter can be run from the batteries 
of a transistorized portable transceiver. This and the fact that the unit 
only weighs 380 g (13. oz. ) makes the converter extremely attractive 
for field day and operation from mountain sites, where no AC line facilities 
are available or desired, 


The mechanical assembly is extremely simple and requires no precision 
metal work. The carefully cut chassis plates can be soldered together on 
the work bench, after which it is merely necessary to drill a few holes 
and to commence assembly. 


In spite of its simplicity, the transistorized 24 cm converter is technically 
advanced, which is indicated by the measured noise figure of 9.5 dB, 


The frequency range of 1296 to 1298 MHz is converted to 28 to 30 MHz 
with the aid ofthe 64.533 MHz crystal. Slight variations from this frequency 
range are possible by use of a different crystal frequency. A conversion 
to a first IF of 144 to 146 MHz is, however, not recommended because 
the low noise figure will not be achieved, Due to the design of the described 
converter - no RF stage, mixer diode with conversion loss and a sensitive 
preamplifier - the absolute sensitivity of the converter is essentially de- 
termined by the absolute sensitivity of the IF preamplifier. This can be 
calculated as follows: 

NF 


Whereby: NF ot is the total noise figure 
NF, = is the noise figure of the mixer diode 
NF. is the noise figure of the IF preamplifier 


Pe is the power amplification of the mixer stage, 


G. 
ay i.e, a conversionloss of 6 dB. means PG ix = 0.25 
Thus a lower absolut sitivity of the IF preamplifier obtained by using 
a higher first IF has the effect of increasing the total noise figure by mul- 
tiplying itself with the conversion loss of the mixer diode. 
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The UHF portion of the converter, i.e, the three resonant line circuits 
and the mixer diode, is based on a circuit given in QST (1), A similar 
design was also given in an article in UKW BERICHTE ( 2). 


This UHF portion was modified by C. Sondhauss, DJ 2 LI for capacitive 
coupling, the provision of a varactor quintupler and otherwise equipped 
with tubes, Due to the low noise figure obtained with tubes in the 30 MHz 
range, the absolute sensitivity was so great as to allow a total noise figure 
of 7.7 dB, 


Unfortunately the DJ 2 LI converter was never published but the UHF 
portion and the varactor quintupler have been taken over by the author in 
the described converter, 


We would also like to mention the 24 cm converter published in the Tele- 
funken Taschenbuch (3) which possesses two grounded grid amplifier stages 
and a tubed mixer with the Telefunken tube 8255, an improved version of 
the EC 88. The sensitivity of the IF amplifier ( HF receiver) has practi- 
cally no effect on the total noise figure with this rather extensive circuit 
and a first IF of, for instance, 145 MHz could be used. The absolute sen- 
sitivity of the converter is 9,5 dB. 


2. CIRCUIT DESCRIPTION ( Fig. 1) 
2,1. GENERAL DETAILS 


The converter consists of three main sections: the oscillator portion, the 
UHF portion and the IF preamplifier, The oscillator portion commences 
with an overtone crystal oscillator at a frequency of 84.533 MHz which is 
followed by a tripler stage, multiplying the oscillator signal to 253.6 MHz 
and a subsequent buffer amplifier stage. The amplified signal at a level of 
more than 10 mW is then fed to a varactor quintupler, whose output signal 
of 1268 MHz is decoupled via a resonant line transformer and pa 
the mixer diode. The overtone crystal frequency is thus multiplied a total 
of 15 times. 


The input frequency of 1296 to 1298 MHz is capacitively coupled from the 
input connector to the input resonant line and is also inductively fed to the 
mixer diode. 


The intermediate frequency generated in the mixer stage is passed to a 
cascode preamplifier circuit, As is well known, it is necessary for the 
cascode circuit to have the first stage in a common emitter and the second 
stage in a common base configuration. No use has been made of selective 
links between the two stages ( RC link ), 


2.2, CIRCUIT DETAILS 
2.2.1. OSCILLATOR PORTION 


The oscillator operates in a common base circuit and the crystal holder 
capacity is neutralized by choke Ch 1. The coil tap on L.1 for the feed- 
back and coupling out of the signal is adjusted for the maximum drive to 
the tripler transistor (maximum collector current). L 1 has not been 


provided with an alignment core in order to increase the frequency stabi- 
lity and the appropriate trimmer C 3 is an air-spaced type. Transistors 
2.N 708 ( BSY 19), 2 N 914 ( BSY 21), 2 N 918 or even the LF types 
such as BC 108, BC 130 etc. can be used in this stage. 


A transistor BF 115 in a common-base configuration is used in the tripler 
stage and operates in class C. A resistor in the emitter circuit compen- 
sates for slight variations of the operating point and drive conditions. This 
resistor also adjusts the angle of current flow to the most favourable value 
for the drive level ( highest harmonic content ), 


The oscillator and tripler are operated with a stabilized voltage, obtained 
by use of 7 volt zener diode, This is extremely necessary for reasons of 
frequency stability and also ensures a constant drive to the subsequent 
buffer amplifier stage, 


Only a transistor with a high transit frequency and a low retroaction can 
be used for the 253 MHz amplifier stage and a BFY 68, BFY 90 or 2N 
3478 with @ transit frequency of 900 MHz and a retroaction of 0.23 pF 
( due to integrated insular screening ) was chosen by the author, This 
trangistor may only be used in a common emitter configuration. The tran - 
sistor is adjusted for class B operation via a voltage divider fed from the 
stabilized operation voltage so that the collector current just commences 
to flow under no-signal conditions. This adjustment results in the highest 
output power at low input levels. When matched to 60%, this stage will 
provide an output power of 12 mW at 12 V operating voltage which was 
sufficient to obtain a diode current of up to 2 mA across the varactor 
quintupler of the described converter, 


The quintupler is high-impedance fed via capacitor C 10 and the matching 
is made with inductance L 4 and trimmer capacitor C 11. The idler circuit 
comprising L 5 and C 12 is aligned to the 2nd harmonic 507.2 MHz and 
the idler circuit with L 6 and C 13 to the 3rd harmonic 760.8 MHz. Tubu- 
lar glass trimmers were used in the prototype converter which had the 
disadvantage of being somewhat expensive but other trimmer capacitors 
with the corresponding capacity values should be equally suitable, 


A commercial varactor diode BAY 79 manufactured by Telefunken, which 
was contained in a special holder, was used by the author. The junction 
capacitance is 5 pF at a reverse voltage of 2 V and the breakdown voltage 
is 35 V. These specifications are also met with the currently available 
Telefunken diode BAY 70, which should be connected using short leads 
between the junction of components L 4, L 5, L 6, R 8 and C 16 and 
ground ( see Fig. 5). 


2.2.2. UHF PORTION ( Fig. 4) 


The three coaxial circuits of the UHF portion are slightly shortened half- 
wave (A/2) circuits. The voltage lobe is thus in the centre of the lines 
where they can be capacitively shortened and tuned, The oscillator fre~- 
quency is fed at a somewhat lower impedance to @ point approximately 
half-way towa the cold-end where it is also capacitively coupled, The 
oscillator frequency transformer is coupled via the cut-out between the two 
reasonant lines ( see Fig. 2 and 5), The mixer diode is also to be found 
in a similar cut-out in the partition between the input circuit and the se- 
condary of the transformer. The thick end of the diode. protrudes into the 
IF preamplifier compartment and is blocked for UH F frequencies by a home 
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made 10 pF plate capacitor ( see Fig. 4). This excellent conception of the 
author of publication (1) has solved the critical coupling and mounting 
problems encountered with mixing diodes. The UHF portion was so easy 
to tune that no modifications have been made on the basic design. 


Measurements carried out by C. Sondhaus, DJ 2 LI have shown that the 
diode series 1 N 23,, offered no lower noise figure at 1,3 GHz than 1 N 
21., types. The author uses a 1 N 23 E diode which is operated with a 
current of 0.8 to 1.2 mA. This current is then indicated on a meter 
shunted for 2 mA f.s.d. 


2.2.3. IF PREAMPLIFIER 


The input of the IF preamplifier must be so dimensioned to allow both the 
mixer diode its optimum IF impedance of 300 to 500 Rand the most opti - 
mum source impedance of the input transistor, whereby the input impe- 
dance of the transistor acts as the terminating impedance for the diode 
and the impedance of the (current carrying) diode asthe source impedance 
for the transistor. Since these impedance values lay in the same order 
of magnitude, a transformation process was not used, It could, however, 
be possible that a more exact matching at this point would improve the 
absolute sensitivity. 


The input circuit should pos: highest possible unloaded Q since all 
equivalent resistances at this point have an adverse effect on the noise 
figure. In extreme cases it may be adviseable to form inductance L 7 in 
a different manner and to additionally isolate the base voltage divider from 
the critical high point of the first circuit with a RF choke, 


The L/C ratio of the first IF stage has, in conjunction with the UHF 
blocking capacitorC 21 and the transistor input capacitance, been so chosen 
that the circuit is damped to a Q of 3 by the output impedance of the diode 
and the input impedance of the transistor. This corresponds to a band- 
width of approximately 10 MHz. The alignment is thus uncritical and it 
is only necessary to alter the tapping on inductance L 8 to modify the 
converter to receive wideband signals such as FM or amateur television 
transmissions, 


In the case in question, the output circuit was aligned to a bandwidth of 
approximately 3 MHz, which is valid for a termination of 60. A greater 
bandwidth can be obtained by using a lower transformation ratio ( more 
turns on the secondary). 


The transistor BFY 88, BFY 90 or 2 N 3478 is also used in the input 
stage of the IF preamplifier where the major portion of the sensitivity is 
determined ( see Section 2.2.1, ). Transistors having a lower transit fre- 
quency such as BF 173, BF 224 and BF 115 would also be suitable but 
with a slightly lower absolute sensitivity. 


Since silicon planar transistors such as BC 130 or BC 108 possess transit 
frequencies of approximately 250 MHz, these types can be used in the less 
critical second stage of the cascode circuit, The large retroaction capacity 
does not have any adverse effect in this circuit. 


3. MECHANICAL ASSEMBLY ( Fig. 2 to 10) 


3.1, MAIN CHASSIS INCLUDING UHF PORTION AND VARACTOR 
MULTIPLIER 


The converter is built-up on a glass fibre reinforced 1,5 mm epoxy board 
with a copper coating on both surfaces. This material can be easily pro- 
cessed at home and can be simply soldered with the aid of a small sol- 
dering tron, The exception to this assembly is the UHF portion whose wall 
pieces and partitions are made from brags plate and the inner conductors 
from brass tubing. This is to ensure that RF current at the ends of the 
inner conductors and around the cut-outs in the partitions 1, 2 and 3 can 
flow freely. The brass plate is 0.5 mm thick, 


Since it is impossible to use bent chassis portions when wembling on 
printed circuit boards, the already tailored metal pieces ¢ soldered 
directly on to the non-drilled main board, which later forms the upper 
aide of the converter, The walls are provided with slots to enable the 
assembly to be simplified and to give more support before soldering, 
Fig. 2 shows th sembly of the main chassis, Fig. 3 the mechanical 
dimensions of the partitions and Fig. 4 the UHF portion of the converter 
with the corresponding mounting instructions, Table 1 contains all details 
regarding the casing pieces and mechanical accessories. 


The assembly is commenced with the innermost partition 2 so that the 
maximum space is available for further soldering. After soldering the 
aide, end and partition pieces to the main chassis, the UHF input socket 
Skt 1 is soldered on the inside after having drilled the corresponding hole, 
It is also possible to screw the socket but care must be taken that a good 
ground contact is made inside the coaxial circuit, When using printed 
circuits coated on both surfaces it is important that the ground points are 
made on the correct side, 


The next item to be mounted is the coupling Map C 20 which is soldered 
to the inner conductor of the UHF input socket Skt 1 ( see Fig, 4B), The 
‘hree inner conductors, which have been drilled through with a 5 mm hole 
are now placed into end piece 2 and partition 4 to find the hole positions 
for the tuning trimmers which are located directly under the centre holes 
of the inner conductors, The three holes can now be drilled into the main 
board. It is now possible to mount the trimmer capacitors C17, C 18 and 
C19 which are then soldered on the inside surface, The spindles of the 
trimmer capacitors are now removed, placed into the centre holes of the 
inner conductor and the spindles once again screwed in until they ait in 
the centre hole of the inner conductors. The inner conductors are now 
adjusted so that the spindles are not touched and then soldered. 


Following this, it is necessary to drill a hole in the main board for the 
ceramic soldering tag, on to which the coupling Map C 16 is mounted ( see 
Fig. 4 C). The solder tag receives the Map instead of the original tag 
and is installed into the converter. The holes are now drilled in the main 
board for the three trimmers of the varactor quintupler ( see Fig. 5), for 
the four feed-through capacitors and for the low~-capacity IF feed-through 
(see Fig, 8). The cut-out for the meter should also be prepared ( see 
Fig. 5). The contact spring of the mixer diode is now soldered into the 
cut-out in the first partition and the plate for capacitor C 21 prepared for 
mounting. It is now possible for the converter chassis to be silver plated, 
In the prototype converter the cover and the sub-chassis were not silver 
plated. 
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The solderable feed-through capacitors are now soldered to the inside of 
the converter and the IF feed-through pressed into place. 


The varactor multiplier is mounted in chamber IV beside the coupling flap, 
in order to obtain the shortest possible connections to the resonant line 
transformer. The star point of the circuit is the hot end of the diode, there 
being no connecting leads. The three inductances are arranged in different 
directions in order to obtain a decoupling effect, The resistor R 8 should 
be as low as possible and its value can be varied to establish the most 
optimum value. See Fig. 5 for further details. 


The oscillator portion, excluding quintupler, and the IF preamplifier re- 
present individual sub-assemblies and are separately assembled, pre- 
aligned and thereafter mounted on to the main chassis. 


3.2, OSCILLATOR PORTION (Fig. 6) 


This separately assembled sub-assembly comprises the crystal oscillator, 
the tripler and the 253 MHz buffer amplifier stage, It is built up on a 
small printed circuit board, which is copper coated on both surfaces 
(see Fig. 6). A partition made from the same material, into which tran- 
sistor T 3 is mounted, separates the input and output of the 253 MHz am- 
plifier stage, Of course, brass plate could also be used for this sub- 
assembly, and with enough experience, be modified into a printed circut 
board, 


‘The order of assembly for this sub-assembly is briefly described as follow: 
Saw the plate and screening piece to size, drill all the necessary holes, 
solder on the partition and then solder the feed-through capacitors into 
place. ( The upper side of the printed circuit board is used as ground for 
all RF ground points), Solder two screws (approx. 15 mm long) to suitable 
positions on the printed board and drill the corresponding holes into the 
converter chassis, where the oscillator board is later to be mounted with 
the aid spacing pieces, The crystal is now soldered to the mounting plate 
with the connecting wires facing upwards, A crystal holder was not used 
because the crystal need not be exchanged, and because contact difficulties 
should be avoided. The trimmer capacitors and the already wound coil for- 
mers are now mounted, The connection points of the crystal, feed-through 
capacitors and the trimmers offer enough possibilities for mounting the 
additional components, and for this reason the transistors have not been 
provided with sockets, 


The neutralization inductance Ch 1 of the crystal is soldered directly on 
to ‘ie base of the crystal, which is accessable from above. The resistors 
Ri, R 3, R 5, R 6 and R 7 as well the zener diode are all mounted 
unter the chassis and connected to the lower ends of the feed-through ca - 
pacitors. 


The transistor T 3 of the 253 MHz amplifier stage is mounted with its 
connecting leads facing upwards in a cut-out in the oscillator partition 
(see Fig. 6). The emitter and screening connections are soldered direct- 
ly above the cut-out to ground, The ensures that the transistor is firmly 
held, that the base connection is on one side for the joining to the lowest 
be soldered on the other side to the trimmer C 9. 


Fig. 5: 

Mechanical Assembly 
of the Varactor Multi- 
plierin Chamber 1X 


DL3 WR 
24cm Converter 


Fig, 6: (betow) 
Mechanical Assembly 
of the Oscillator Portion 
Sectional View A-A 
(see also Table 1) 
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After mounting the oscillator board into the converter chai a5 mm 
wide thin copper foil strip is soldered between the upper surface of the 
oscillator board ( at the base of C 9) to the converter chassis ( ground 
point of the varactor diode ), The last feed-through capacitor of the oscil- 
lator portion C14 is connected to the external feed-through capacitor C 15 
located in front of the meter via a wideband choke, It is pressed into the 
corner so that the operation of the varactor diode is not disturbed ( see 
Fig. 5). Finally C 10 is soldered between the high point of the 253 MHz 
circuit and the first varactor trimmer C 11, 


3.3, IF PREAMPLIFIER PORTION ( Fig. 7 and 8 ) 


This sub-assembly is built up on a printed circuit board which is shorter 
than chamber V of the converter to enable enough room for the IF feed- 
through and for the feed-through capacitor C 32, The longest side has a 
33 mm by 5 mm cut-out to allow enough room for the plate capacitor C 21 
with itstwo plastic screws holdingthe mixer diode and for the feed-through 
capacitor C 25, 


The largest components on the printed circuit board are the two 15 by 15 
mm large and 26 mm high aluminum screening cans of L7 and L 8, The 
arrangement of the components and the printed conductor lanes is shown 
in Figures 7 and 8, 


This sub-assembly is also mounted with two screws soldered to suitable 
positions and with spacing pieces to the main chassis, The mounting point 
is sufficient at this frequency for the ground connection and the only con- 
nections that are required after assembly is to the mixer diode, i.e. to 
the plate of capacitor C 21, to C 25, C 32 and to the IF feed-through, 


Finally the two feed-through capacitors for the diode current ( C 25 and 
another one not given in the circuit diagram which is to be found before 
the meter ) whould be connected to another, Capacitors C 15 and C 32 are 
also joined together, 


A solder tag is fexed to a screw of the IF preamplifier and is used as a 
ground point, A coaxial cable is now connected to this point and to the IF 
feed-through, Finally a two core cable is connectedto ground and capacitor 
Cc 32, 


‘The converter is now fitted with a cover made out of a single coated printed 
circuit board, The nuts soldered to the corners of the converter and to 
the corner of the compartment of the primary resonant line, are now used 
to hold the cover in place, The printed circuit is mounted with the conduct- 
ing surface facing outwards and grounded only via the five screws, This 
is sufficient to avoid any detuning of the converter and thud,ensuring that 
no-outside influencee effect the operation of the sensitive UHF circuits. 
If it is desired to make the converter "air-tight", this can be made with 
copper foil, a rubber padding and a solid iron cover or by sealing all 
surfaces in a professional manner, 
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Chamber IV 


Oscillator 
(see Fig. 6) 


IF output Printed board (see Fig. 7) 


Fig. 8: The Accomodation of the Preamplifier in the 
24cm Converter Chassis (DL3 WR) 


Fig. 7) IF Preamplifier of the OLD WR 24cm Converter 


- 47 


3.4. COIL DATA 


Li 9 turns of 1 mm dia. (18 AWG) silver plated copper wire 
on a 6mm former without core. Spacing between turns approx. 
1mm, Feed-back and tapping point on the 2nd turn. 


L2 2 turns, wire and former as L 1. Spacing between turns 
approx. 2,5 mm. Decoupling winding 1 turn of 0.5 mm dia. 
( 24 AWG ) enamelled copper wire. 


L3 3.5 turns, wire and former as L 1 except with SW core. 
Spacing between turns 1 mm, 

La 6.5 turns of 1 mm dia. (18 AWG) silver plated copper wire 
wound on a 6 mm former, self-supporting and close wound, 

L5 3 turns of 1 mm dia, (18 AWG) silver plated copper wire 


wound on a 6 mm former, self-supporting with approx. 1 mm 
spacing between turns. 


L6 1,5 turns of 1 mm dia. (18 AWG ) silver plated copper wire 
wound on a 6 mm former, self-supporting. 

L? 0.5 4H ( approx. 10 turns ). 

L868 1 4H ( approx. 14 turns ) tapping approx. 3 turns. 

Chi 18 turns of 0.5 mm dia. ( 24 AWG) enamelled copper wire 


on a 4 mm former, close wound, self supporting. 
Ch 2, Ch3 50H wideband choke, uncritical, 


4. ALIGNMENT OF THE CONVERTER 


The first alignment after adjusting the operating points of transistors T 1 
and T 3 1s the adjustment of the crystal oscillator, When not oscillating, 
a collector current of approximately 2 mA will flow. A VHF-receiver de- 
tuned to 84 MHz can be used for a coarse frequency check, Attention !1 
the 7th harmonic of the crystal (125.3 MHz) is in the tuning range of 
trimmer capacitor C 3. The oscillator should not oscillate at any other 
frequencies. If this is the case, the neutralization coil should be changed; 
if the oscillation is at the lower end of the tuning range the number of 
turns should be increased and vice-versa for oscillations at the higher end. 


The alignment is made with the tripler connected, which should pass 
approximately 3 mA collector current after the alignment when coupled op- 
timumly to the 253 MHz amplifier stage. The coupling to L.1 and the value 
of R 4 can be varied if necessary. The multiplier stage with transistor 
T 2 is aligned for the maximum collector current of T 3, T 3 is finally 
carry out @ power measurement, approximately 12 mW should be measured 
at the third stage. 


After installing the above sub-assembly it will be necessary to re-align 
L. 3/C 9, which will have been detuned by the quintupler., This is carried 
out with the aid of the absorption circuit and by adjusting the core of in- 
ductance L 3 until resonance is found, During this alignment, the absorp- 
tion circuit is taken further and further from the converter. 


The two trimmers of the UHF resonant line transformer are now care- 
fully aligned, whereby both trimmers should be equally turned ( with the 
prototype converter of the author, the pistons of these two trimmers and 
that of the input circuit, protruded a little into the holes of the resonant 
lines ). The task of this alignment is to find a position of the trimmers 
where a diode current of approximately 1 to 2 1A flows, This is measured 
by disconnecting the built-in meter and by connecting a sensitive 1A meter 
in its place. If the oscillator portion is correctly aligned, the unaligned 
quintupler will supply enough harmonic power to enable a noticeable small 
diode current, 


The next alignment is the adjustment of the quintupler, whereby the reso- 
nance of L 3/C 9 must always be corrected because it is effected by trim- 
mer capacitor C 11, The alignment of the quintupler is correct, if the 
diode current is at least 1 mA and ifno rapid variations of diode current 
are noticed on carefully rotating trimmers C 11, C 12 and C 13, It is also 
necessary to readjust the coupling flaps of the primary circuit C 16 and 
the UHF resonant line transformer during this alignment process, The ideal 
means of carrying out this alignment is with the aid of a spectrum analyzer 
which can be simply connected to the input socket of the converter. How- 
ever, a lecher line can be used to measure the wavelength of the voltages 
across the idler circuits and the UHF resonant line transformer. The cor- 
rect ength is indicated by a dip in the diode current, The lecher line 
is either capacitive coupled with the open end or inductively coupled at 
the closed end. In the first case, the first dip found by varying the posi- 
tion of the short is at a 1/4 wave (A/4), whereas with inductive coupling 
it is at 1/2 wave (2/4). 


The alignment of the UHF circuits is extremely critical but can be easily 
carried out with the aid of the M 4 screw thread, If the required diode 
current is not achieved, the stabilized voltage of the oscillator and quin- 
tupler can be modified to 9 or 10 V after the most optimum alignment of 
all stages has been completed. If on the other hand a too higher diode 
current is found, this can be corrected by shifting the operating point of 
the 253 MHz amplifier transistor stage T 3 towards class C operation 
( R 5 can be removed in this case ), 


The alignment of the IF amplifier is limited to the checking of the operating 
points of T 4 and T 5 which should have a collector current of 2mA and 
checking for any instability ( load input with 500 2 and the output with 60), 
After having correctly aligned the diode current, the IF preamplifier is 
aligned for maximum noise in the shortwave receiver (10 metres). The 
alignment of the output stage is clearly heard, whereas the alignment of 
the first stage of the preamplifier can just be seen on the S meter. 


The input circuit of the converter is coarsely tuned by aligning it to the 
oscillator frequency ( dip on the meter ) and by making 2 turns in an out- 
wards direction, The resonance point will now be found near this point. 
The resonance point is found by connecting a correctly terminated antenna 
or terminating resistor and tuning for the maximum S meter reading 
( maximum noise ). An exactnoisealignment and noise matching can only 
be carried out with the aid of a noise generator ( The coupling flap C 20 
is approximately 5 mm from the inner conductor ). 
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COMPONENTS LIST ( Fig. 2) 


RESISTORS 

Rl 4.7 R6 3.9 kK? RU,R13 1.2 

R2 220 KR R7 820 R12 510k 

R3 12kw R8 18k R14 620 kn 

R4 56 R9 51k R15 27k 

R5 100 kt R10 15 ke R16 8.22 
R17 100 kf 


All resistors rated at 0,25 W. 


CAPACITORS 


ci, C5, C7, C8, C14, C15, C25, C32 0.001 uF feed-through 
capacitor 


2 820 pF ceramic capacitor C16 coupling ee? uae Fig. 4A/4C 


(dise or tubular) C17, C18, C19 
3 13 pF trimmer C20 coupling flap, see Fig, 3A/4B 
4 330 pF ceramic capacitor C 21 approx. 10 pF, see Fig. 4A 
6 4 pF trimmer C22 0,001 uF 


2.5 pF ceramic capacitor C 
10 0.5 pF ceramic capacitor C 
11 1 tol0pF ) glass c 
\ c 

c 


35 pF 
, © 26,C 28 0,01 uF ceramic 
C29 0047 4 F capacitor 
30 27 pF (disc or 
3 0.0224 F tubular) 


tubular 
trimmers 


12 0.7 to 5 pF 
13° 0.5to 2pF 


anaaaann a 
o 


Ceramic tubular trimmers 


SEMICONDUCTORS & 


: 2N 708, 2N918 

: BF 115, 2N918 

: BFY 88, BFY 90, 2.N 3478 

: BFY 88, BFY 90, 2N 3478 Screening cans 

+ BC 130, BC 108, 2N 3398, SK 3020 as used in the IF 
pre-amplifier 


ween 


: Zener? V Prot * 250 mW 
Varactor ; Cj * 5 pF at u, = 2 V (see text) 
3: Mixer diode :1N 21 A... F or 1N 23... of Microwave Ass, 


CU g4444 


OTHER COMPONENTS 


1 Crystal: 84.533 MHz HC-6/U with soldering leads 
1 Meter: 1 mA, resistance 1002 
1 BNC socket UG-1094/U 1 ceramic feed-through 


Amount Figure Designation, Material, Processing, Surface Dimensions 


1 


ee me 


1 


4A,4D 


Main board, glass-fibre reinforced 140 x 110 mm 
epoxyd 1.5 mm board with copper 
coating on both surfaces 


Cover, glass-fibre reinforced epoxyd 140 x 110 mm 
1,5 mm board with single copper coating 


Side piece 1, glass-fibre reinforced 140x 40mm 
epoxyd 1.5 mm board with copper 
coating on both surfaces 


Side piece 2, material and dimensions 
as for side piece 1 


Rear piece 1, glass-fibre reinforced 110x 40mm 
epoxyd 1,5 mm board with copper 
coating on both surfaces 


Rear piece 2, 1 mm brass plate 110x 40mm 
Partition 1, 0.5 mm brass plate 100 x 40mm 
Partition 2, 0.5 mm brass plate 100 x 40mm 
Partition 3, glass-fibre reinforced 140 x 40mm 


epoxyd 1.5 mm board with copper 
coating on both surfaces 


Partition 4, 0.5 mm brass plate 75x 40mm 
Capacitor board (C 21),1 mm brass plate 27x 17mm 


Foil (dielectric of C 21), 0.2 mm thick 30x 20mm 
teflon 


M 3 screws, 10 mm long, nylon 


Contact spring for mixer diode removed 
from a EL 34 tube socket (Octal) 


Inner conductor, 7 mm brass tube, 104 mm 
long and 0.5 mm wall thickne: 


Coupling flap for input 0.5 mm brass plate 


Coupling flap for quintupler, 0.5 mm approx. 

brass plate 25 x 10mm 
Ceramic solder tag, 8 mm high 

Base board for the oscillator portion, 70x 30mm 


glass-fibre reinforced epoxyd 1.5 mm 
board with copper coating on both surfaces 


Partition for oscillator portions, same 30x 25mm 
material as the base board 


IF preamplifier board, 1,5 mm pertinax 62x 24mm 
epoxyd board with single copper coating 


Leaf spring for mounting mixer diode 
M 3 screws, 15 mm long with nuts 
M 3 screws, 8 mm long, the nuts are soldered 


Table 1, List of the required cabinet pieces including accessory parts. 
( See Fig. 2to 8) 


5. NOTES 


An examination of the pass-band curve and an amplification measurement 
could, unfortunately, not be carried out, However, no fall-off of the noise 
level can be noticed within the 2 MHz bandwidth. The S meter indication 
of the noise level however indicates an amplification of approximately 26 
dB. 


The author would like to thank the amateurs Claus Sondhaus, DJ 2 LI 
and Hans von Ellen, DJ 1 VO for their kind theoretical and practical assi- 
stance in the planning, assembly and alignment of this converter and for the 
24 cm QSO’s in the vicinity of Ulm, Western Germany. 
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A 144 MHz ADAPTER FOR USE WITH A 10 METRE SSB TRANSCEIVER 
by E.Krahé, DL 9 GU 


The following article describes a complete transverter-converter combi- 
nation, allowing a SSB transceiver to be operated on the 2 metre band, 
The described combination is used in conjunction with the 28 MHz range 
of a Drake TR4 but is, of course, equally suitable for use with other 
transceivers having the range 28 to 30 MHz, and for all operating modes 
(AM, FM and CW ), 


The adapter is self contained complete with power supply in its own cabinet 
and i, jaced between the transceiver and the antenna. The unit also po- 
ssesses a change-over switch which makes it possible to rapidly switch 
from VHF to 10 metre operation, 


1, THE ELECTRICAL DESIGN 


The block diagram of the SSB adapter for 144 MHz is shown in Fig. 1. 
The circuit diagrams of the individual sub-assemblies are given in Figures 
2 to 6. Special attention has been made during the conception of this unit 
to avoid harmonic and spurious signal generation, 


1,1, BLOCK DIAGRAM ( Fig. 1) 


The operation of the adapter is shown in the block diagram Fig, 1. The 
auxiliary frequency of 116 MHz is generated in an oscillator comprising 
tubes V1, V2 and V3 and is fed via output connector 1 to the 2 metre 
converter ( receive mixer) as well as via output connector 2 at a level 
of 400 mW to the transmit mixer comprising tubes V4 and V5. The 28 
MHz signal from the transceiver is taken from the control grid of the 
transceiver PA and fed via a 3 pF capacitor at a level of approximately 
1 V tomixer V4. The 28 MHz signal'‘is now mixed with the auxiliary fre- 
quency of 116 MHz, available at connector 4, to obtain the final frequency 
of 144 MHz, which is then passed via output connector 5 to the linear am- 
plifier V6. The signal is then amplified by V 6 and fed to the transmit 
contact of the coaxial change-over relay, The operating voltages for the 
linear amplifier are obtained from the transceiver, i.e. the plate voltage 
of + 650 V and the switchable screen grid voltage of + 200 V. 

‘The common auxiliary frequency of 116 MHz is fed to the 2 metre conver- 
ter via connector 8, after which it is mixed with the 144 MHz signal avail- 
able at input connector 10, The resulting intermediate frequency of 28 MHz 
is fed to the transceiver for further processing. 


The switching from VHF to 10 metre operation is made with switch 51, 
During short wave operation, switch contact S la feeds the screen grid 
voltage back to the transceiver and contact S 1b switches the short wave 
antenna to the antenna connector of the transceiver. During 2 metre ope- 
ration, the converted receive signal of 28 MHz is fed via contact S 1b to 
the receiver and, during transmit, the screen grid voltage from the trans- 
ceiver is fed to the 2 metre linear amplifier, 


The contacts of switch S1 should be silver plated and be mounted on a 
ceramic base, This is to ensure that it is able to handle the RF output 
of the short wave transmitter, which is from 80 to 100 watt in the case 
in question, 


Fig }: Block diagram of the adapter to increase the range of o SSB transceiver(!0m) to cover 
the Zmetre beng 


1,2, THE INDIVIDUAL CIRCUIT DIAGRAMS OF THE SUB-ASSEMBLIES 
( Fig. 2to 6) 


The individual circuit diagrams of the sub-assemblies are as follows: Fig, 
2 for the oscillator, Fig. 3 for the transmit mixer, ag. 4 for the Linear 
amplifier, Fig. 6 for the receive converter and Fig. 6 for the power supply. 


1.2.1. THE OSCILLATOR ( Fig. 2) 


The complete circuit diagram of the oscillator stage is shown in Fig, 2. 
This oscillator supplies the common auxiliary frequency of 116 MHz for 
both the receive and transmit mixers, In oscillator V1, the crystal serves 
as a cathode coupling link between the two triode systems of the 12 AT 7, 
The first triode system is a grounded grid amplifier and the second is a 
cathode-follower for the feed-back. The oscillator cireuit - a Buttler cir ~ 
cult - ts activated at the series resonance of the crystal, which ts 58 MH« 
in the case in question. This circuit has the advantage of being noticeably 
stabiler than traditional circuits using an "inductive" crystal. 


The anode circuit of the second system is tuned to the first harmonic 
(116 MHz), The auxiliary frequency for the receive converter is taken 
via a capacitor of 2.4 pF from the anode of the 6 J 4 buffer tube V 2 and 
is fed to the output connector 1, The 116 MHz signal is passed to a further 
grounded-grid amplifier stage V 3 comprising a second 6 J 4 and is fed 
to the second output connector 2 at a level of 400 mW for the transmit 
mixer. The operating voltage U1, U 2, U3 and the heater voltages are 
obtained from the common power supply used for all of the sub-assemblies. 


GQ 58 MHz crystol 
Wns 000p* 001m 


o 
a 
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Fig. 2: Cireuit diagram of the oscillator a 
comprising V1, V2and V3 L 


Coil data of the oscillator stage: 


Li 8 turns of 0.6 mm ( 23 AWG ) silver-plated copper wire wound 
on a 6mm former. Mounted either on a core-less former or 
self-supporting. 


L2andL3 6 turns of 0.6 mm dia. ( 23 AWG) silver-plated copper eid 
wound on a 6 mm dia, former, Mounted either on a core- 
former or self-supporting. The tap is made 2 turns from the 
cold end, 

L4 5 turns of 0,6 mm dia, ( 23 AWG) silver-plated copper wire 
wound on a 6 mm dia, former. Mounted either on a core-less 
former or self-supporting. The tap is made 1,5 turns fromthe 
cold end, 


Ch Wideband choke comprising a ferrite bead. 


The individual circuits can be aligned without difficulty with the aid of a 
grid-dip meter, 


1,2,2. THE TRANSMIT MIXER ( Fig. 3) 


The 28 MHz SSB signal is taken via a 3 pF capacitor at an amplitude of 
approximately 1 V from the control grid of the transceiver PA stage and 
is fed via a coaxial cable to connector 3 of the transmit mixer, The sig- 
nal is then fed to the control grid of the mixer tube V4, an EC 8010. The 
oscillator frequency available at connector 4 is ndw fed via a 0,001 uF 
capacitor to the cathode of the mixer tube, The 144 MHz signal is now 
available at the anode of the mixer and is fed to the subsequent grounded 
grid amplifier stage V5 where it is linearly amplified, The 144 MHz sig- 
nal is now fed at a power of approximately 2 W to the output connector 
5 and thus to the linear amplifier V 6, 


ve jaw) 
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Fig.2: Circuit diagram of the transmit mixer comprising mixer V4and amplifier V5 


A trimmer capacitor of 10 to 50 pF is to be found at the cathode of the 
EC 8020 ( V 5) which is used to match it to the anode circuit of the mixer 
V4. A by-pass capacitor of 0.006 uF is connected as close as possible 
between the cold end of inductance L1 and ground, The capacitors C 1 
and C 2 in the anode circuits of mixer V4 and tube V5 are variable ca- 
pacitors which can be operated from the front panel, The operating vol- 
tages U4, U5 and the heater voltages are obtained from the common power 
supply ( see Fig. 6). 


Coil data for the transmit mixer stage: 


L 0 Resonant circuit for 28 MHz 
The tap is made 3 turns from the cold end, 


L 1 4 turns of 1,5 mm dia. (15 AWG) silver-plated copper wire wound 
on a 6,5 mm dia, former, self-supporting. The tap is made 1 turn 
from the cold end, 


L 2 3 turna of 1,5 mm dia. (15 AWG ) allver-plated copper wire wound 
ona 10 mm dia, former, self-supporting. 
The tap is made 0.5 turns from the cold end, 


Ch Wideband choke comprising a ferrite bead, 


1.2.3. THE LINEAR POWER AMPLIFIER 


The 144 MHz signal is fed via a short coaxial cable to connector 6 of the 
linear amplifier equipped with the coaxial tetrode 4X 150 A. The induct- 
ances of this stage are in the form of normal coils and the stage offers 
no special features. The cathode of the 4 X 150 A has multiple connections, 
each of which is connected via a by-pass capacitor of 4700 pF and a re- 
sistor of 12 to the nearest ground point, The capacitor designated Ca 
in Fig, 4 is the built in by-pass capacitor in the special tube socket of 
the 4X 150A of approximately 2700 pF. The variable capacitor C 2 is 
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used for the tuning of the anode circuit and can be operated from the 
front panel, A meter is to be found in the cathode circuit for the moni- 
toring of the cathode current of the tube. The meter measures the voltage 
across the 4 parallel resistors Rx, whereby 600 mV correspond to 200 
mA cathode current. 

The negative grid bias of the linear amplifier V6 is obtained from the 
power supply ( see Fig. 6). The plate voltage of +650 V from the SSB 
transceiver is permanently fed to the anode of the 4 X 150 A, whereas the 
screen grid voltage is only fed to the linear amplifier during VHF opera- 
tion, The VHF output signal from the linear amplifier is fed via connector 
7 to the antenna. The power output is 60 W with a plate voltage of 600 V. 
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Fig.4: Circuit diagram of the linear amplifier 


Coil data and trimmer capacitors for the linear amplifier stage: 


Li 2 turns of 1 mm dia, (18 AWG) silver-plated copper wire wound 
on a 6 mm former, self-supporting, 

L 2 4 turns of 2mm dia, (12 AWG) silver-plated copper wire on a 
12 mm former, self-supporting with centre tap. 


L$ 1 turn of 2mm dia, (12 AWG) silver-plated copper wire wound 
on a 10 mm dia. former, self-supporting. 


Ch Wideband choke comprising a ferrite bead. 

Lom | Trimmer capacitor 2 to 6 pF, 

C2 Variable capacitor 16 pF, 

C3 Trimmer capacitor 50 pF. - 


1,2.4, THE 2 METRE CONVERTER ( Fig. 5a) 


The circuit diagram of the 2 metre converter is given in Fig. 5a and the 
chassis arrangement in Fig. 5b, The converter is equipped with three nu- 


vistor tubes 6 CW 4, The 144 MHz signal is fed via connector 10 to the 
cascode stage comprising V7 and V 8, The auxiliary frequency of 116 MHz 
is fed via connector 8 from the oscillator to the mixer stage V 9 where 
it is mixed with the 144 MHz input signal, thus resulting in the 28 MHz 
IF signal which is in turn fed via connector 9 to the 10 metre receiver, 
The connections to the coaxial antenna relay and to the other sub-assem- 
blies can be seen in Fig. 1, The alignment is carried out in the normal 
manner, 
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Coil data and trimmer capacitors for the 2 metre converter: 


Li 2.5 turns of 0.6 mm dia. ( 23 AWG) silver-plated copper 
wire wound on a 6mm dia, former, Self-supporting, The 
tap is made 1 turn from the cold end, 


L2 5 turns of 0,6 mm dia, ( 23 AWG) silver-plated copper 
wire wound on a 6 mm dia, former. Self-supporting. 


a 2 turns; otherwise as L.1 
This coil is built up as a continuation of L. 4 and possesses 
a common axis with L 4, 
L 5 and L 6 28 MHz IF transformer 
Bring the circuits to resonance at 28 MHz with the aid of a 
grid-dip meter, The tap of L. 6 must be found by experiment. 
cC1,C2, CS8andc4 1 to 6 pF trimmer capacitors 


C5 andC6 trimmer capacitors of approx, 10 pF, 


1.2.5, COMMON POWER SUPPLY ( Fig. 6) 


The circuit of the power supply is shown in Fig. 6 and does not contain 
any special features, The voltages required for the various sub-assemblies 
are obtained via the corresponding voltage dropper resistors, The common 
power supply only provides the grid-bias voltage and the heater voltage 
for the final amplifier, the plate and screen grid voltages are obtained 
from the short wave transceiver, 
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Fig. 6: Circuit diagram of the common power supply 


2, MECHANICAL ASSEMBLY OF THE 144 MHz TRANSCEIVER ADAPTER 


The mechanical build-up of the complete adapter can be seen in the photo- 
graph Fig. 7. The dimensions of the complete unit are 265 mm wide, 145 
mm high and 185 mm deep, The oscillator portion will be seen as an 
elongated chamber on the left of the unit with the dimensions of 30 x 30 
x 165 mm, -The sub-cha: of the transmit mixer is visible at the front 
of the adapter and the cha: lay-out is shown in Fig. 8. The cha is 
made out of brass plate, has the dimensions 30 x 50 x 175 mm and i# split 
into three chambers, Capacitors C 1 and C 2 in the anode circuits of V4 
and V5 are adjustable from the front panel, which is also true of the 
anode capacitor C 2 of the linear amplifier tube V 6, 


The 2 metre converter is located directly behind the tranamit mixer 
cha: tt will be noticed that the nuvistor converter is extremely small 
and is built-up on an enclosed chas The dimensions and the chassis 
lay-out are shown in.Fig. 5b, The linear amplifier tube is enclosed in a 
screened compartment to the right of the converter, where the 4x 150A 
can be clearly seen with its ceramic chimney, The anode circuit is con- 
nected to the anode radiator with the aid of a metal clamp, The grid cir- 
cuit of the linear amplifier is to be found underneath the main chassis and 
ia screened with a metal cap which is open in the direction of the fan. A 
radial fan is used to cool the 4 x 150 A and can be seen at the rear of the 
linear amplifier compartment, The various sub-assemblies are intercon- 
nected with 52 coaxial cables, 


Fig. 7 The 144 MHz adapter for short wave transceivers 


‘ ~ 
Fig 8: Dlagram of the transmit mixer chassis comprising tubes V4 and V5 
Damian 30mm high, from Omen brass plate i 
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PRICE LIST __ of Equipment described in 1+2/1969 of VHF Communications 


(DM 4, -- = US$ 1.00 / DM 9,40 = & 1) 
Postage included but exclusive of customs duty 


PRINTED CIRCUIT BOARDS (Glass-epoxy, silver-plated conductors): 


Phase-locked oscillator DJ 7 ZV 001 and DJ 7 ZV 002 DM 1i, -- 
2 metre FET converter DL 6 SW 004 DM sC6,-- 
710 cm converter DL 9 GU 001 DM s6,-- 
24 cm converter, IF preamp. DL 3 WR 001 DM 2,-- 


COIL FORMER SETS for the above mentioned PC-boards; 
including core but unwound: 


Phase-locked oscillator DJ 7 ZV 001 and DJ 7 ZV 002 DM 3,20 
2 metre FET converter DL 6 SW 004 DM_si1,70 
70 cm converter DL 9 GU 001 DM -,70 
CERAMIC DISC TRIMMERS for the above mentioned PC-boards: 

2 metre FET converter DL 6 SW 004 DM 3,50 
70 cm converter DL 9 GU 001 DM_si1, 40 


1,3 mm Diameter SPECIAL DRILL for PC-boards DM 3,-- 


This special drill has been specially developed for epoxy PC-boards. It will be 
supplied free-of-charge on orders amounting to more than DM 30, --. 
METAL CASING for the DL 9 GU_70 cm Converter DM 65, -- 


Supplied complete with three fedd-through capacitors, three trimmers and cover, 
All metal parts have been silver-plated and the inner conductors soldered to the 
trimmers. 


The same metal casing but complete with PC-board DL 9 GU 001, 

coil formers and trimmers DM 172, -- 
CASING for the DL 3 WR_ 24 cm Converter 

Partitions, inner conductors and trimmers installed. 

Silver plated. Price on request 
DL 6 SW_ 2 Metre FET Converter Kit 

Comprising PC-board DL 6 SW 004, coil former set as above, 


trimmers, transistors and quartz crystal DM 42,60 
RADIO COMMUNICATION HANDBOOK (including postage) DM 36, -- 


All orders must be prepaid by cheque (check) or money order made payable to the 
bank account of the national representative, or to the publishers 


UKW-BERICHTE, Hans J. Dohlus, DJ 3 QC 
D-8520 ERLANGEN, Gleiwitzer Str. 45 

W. Germany 

Bankaccount: Deutsche Bank, Erlangen, No. 476 325 
Postscheck: Nlrnberg 30 455 


CONTENTS: 
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. Schmitzer, D) 4 BG. 
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ol. Franke, OK 1 PN 
OL 3 WA 
Woingartner, DI 6 2Z 
|. E Schmitzer, D) 4 BG 
Grossmann, D) 4 AX 


G, Stroessner, D2 VN 


G. Loufe, DL 6 HA 


E. Schmitzer, Di 4 BG 
E Lentz, DL 3 WA 


G. Laufs, DL 6 HA 
H. Kabler, DL 3 YK 
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Volume 2 February 1970 _Edition 1 


A Tiltable Antenna with Selectable Polar! 

ls FM on the VHF-UHF Bands 

Fi of Crystal-Controlied 

Oscillators by use of Resistor Diodes 

Narrow of 
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Nae LA i Bil, win abd 

A Calibrati Generator for Two Metres 

Modification of the D/ 9 ZR 001 5 W SSB Transmitter 

oat te it Generator for Two Metros 

Two Motres Part | 

Volume 2 __ May 1970 Edition 2 


A SSB-Transceiver with Silicon Transistor Complement 
Part 2, The 9 MHz Transceiver 


Stable Reference Voltages 

A Universal VHF-UHF Transmitter for AM and FM 
FETs in the 20/144 MHz Tranaverter Di 6 2Z 00! 

A Digital Discriminator Accessory for FM Demodulation 
Simple, Compact PA Stages for Two Metres, Part |! 
Cheap Varactor Diodes tor the 70 cm Transmitter 

Using an EC 8020 Tube 

Corrections to the 9 MHz IF-AF-Module D) 9 ZR 005 
Remarks and Advertisings of the Publisher 


Volume 2 August 1970 Edition 3 


A SSB-Tronaceiver with Silicon Transistor Compiomens 
Part 3: 9 MHa/t4 MHz Tranamit-Receive Cor 
14 MHz/144 MHz Transmit Converter, VFO" and wd Lows Paso Filter 
e riments with a Crystal Discriminator 

Iniversal VHF-UHF Transmitter for AM and FM 

Second, concluding Part 

70 cm = 23 cm Stripling Voractor Tripler 

al Low-Pass Fil for VHF 


Voltage Circuits in the 9 MHz Portion of 
the Oo 6 HA Transceiver 


Volume 2 _ November 1970 Edition 4 


A SSB Tranaceiver with Silicon Transistor Complement 
Part 4 Power Supply and be tier 

PC-board for the two Crystal Oscillators of the 144 MHz — 
14 MHz MOSFET Converter used in the DL 6 HA SSB 
Transceiver 

Synthesis VFO for 24 

A Simple 72 MHz — vio" for FM Transmitters 
Steep-shirted Active Audio Filters 

Speech Processing 

Strip-tine Traneverter for 70 om 

A Simple VHF-UHF Calibration’ ‘Spectrum Generator 
Neutralization of the OL 3 XW/D) 4 BG Calibration — 
Spectrum Generator 

Two Circuits for Automatic erin Scanning 
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Listed is our well-known series of 


9 MHz crystal filters 
for SSB, AM, FM 
and CW applications. 


In order to simplify matching, the 
input and output of the filters com- 
prise tuned differential transfor- 
mers with galvanic connection to 
the casing. 


Application 
Transmit 


CRYSTAL FILTERS - FILTER CRYSTALS - OSCILLATOR CRYSTALS 
SYNONYMOUS for QUALITY and ADVANCED TECHNOLOGY 
PRECISION QUARTZ CRYSTALS. ULTRASONIC CRYSTALS. 


SSB- i 


Number of Filter Crystals =| 5 [a 4 8 

Bandwidth (64B down) |25 kHe | 24 kHz | 375kHz | 50 kHz [2 120 kHz | 05 kHe 
Passband Ripple <1dBi< 2 dB Te 2dB |< 2B | <2dB | <14B 
Insertion Loss < 308 [< 35 dB [< 35 a8 | < 3508) <3¢d8 | <5 dB 
Input-Output Z| soo | son | soo | soo | 12008 | sooo 

Termination C, | pF | pF oF | pr | pr 30 pF 


(6: 50dB)1 7 IG 6048)! 8 € 6008)! 8 (6 60dB) 1.€ a 6 60dB) 1 
Shape Factor 


le 20 48)2.2) (6 80dB)22) (6 80 dB) 2.2|(6:80 dB) 2 


Ultimate Attenuation 
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